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IHfRODUCTIOI 
For msiXij years the instability of compoonds in the furan 
series has been a challenging factor. Hot only has this 
characteristic served to confoimd many investigators, but has 
seriously retarded this branch of organic chemistry. In re­
cent years, however, a new and increasingly successful tech­
nique has been developing. 
As an outgrowth of this phenomenon, the problem has natur­
ally arisen as to the mechanism by which the decomposition has 
taken place and to the probable structure of the decomposition 
IS'oduGt. It is the purpose of this thesis to shed some li^ t 
on this problem. In particular, investigations have been car­
ried out on halogen substituted furylai^ rl carbinols and their 
subsequent decomposition products fojrmed by the loss of halo­
gen acids. Incidental to this, an additional proof of struc­
ture was developed for Hill's dlbromo- and dichloro-forolc 
acids. 
HISTORICAL 
Since the discovery of the Orignard reagent in 1900, the 
elusaist has had aeeesa to one of the most useful tools of syn­
thetic chemistry, especially in the preparation of secondary 
aM tertiary furyl alcohols. Although the first compound of 
this nature was prepared by the action of diethylzinc on fur­
fural (1), the earliest attempt using an alkylmagnesium halide 
was made by Victor Orignaz*d (2) in synthesizing ftirylisoamyl-
carbinol. 
Bale, McHally, and Pater <3) stated that furfural did not 
react with phenylmagnesiunj bromide nor benzylmagnesium chlor­
ide to give the expected secondary alcohols, but only the 
coupling products, dlphenyl and dlbenzyl, They found, however, 
that the Grignard reagent reacted smoothly with esters of fur-
oic acid giving the tertiary alcohols in good yields. It was 
also noted that these carbinols were very sensitive to mineral 
acids, and even on standing for a ^ ort time diptoenylfurylcar-
binol gradually melted into a guamty mass, acquiring simultan­
eously a dark red coIot, nothing further was done with these 
resinous substances. 
(1) Pawlinoff aM Wagner, Ber., 17, 1961 <1884). 
(2) Sbi'ignard, Ann, de l^ Pnlv. de Lyon., J|, 1 (1901). /Shorn, 
Zentr.. Jg, 022 (1901J/, 
(3) Bale, McHally, and Pater, Am. Chem. J., 55, 68 (1906), 
Slnee these early experiments, there have been reported 
seTeral sueeessful preparations of secondary and tertiai*y 
fUrylcarbinols by use of the Orignard reagent on coriM»8poiading 
derivatives of furan. Douris (4) prepared ethylfurylcarbinol 
from ethylmagnesiuiD bromide and furfural. Other secondary 
fttjrylcarblnols have been reported (5), Peters and Fischer (6) 
pipepared 2-furylpheisylcarbinol which Hale had failed to make. 
Maxim and Popesco (7) have recently prepared many tertiary 
furylcarbinols by the action of the Orignard reagent on aryl-
furyl ketones. Paul (8) has given a few suggestions for in­
creasing the yield of furylphenylcarbinol, 
fhe reaction which aervea as a basis for the work found in 
this thesis was discovered by Hewlett (9), who was attempting 
to prepare C5-chloro-.2-furyl)phenylcarbinol and the correspond­
ing bromo compound, by the action of phenylmagnesium brmide 
on 5-ehloro-2-furfural and 5-brQoo-2-farf\iral, The particular 
technique used in perfonaing the experiment was directly re-
(4) Douris, gompt. rend.. 157. 722 (1913). 
(5) Pierce and iUiams, 3, Am. Gh^ . Soc., 1098 (1925); 
Tavorski, Ber,, Jg, 455 (1909); Jolkver, Rec. trav. chim.. 
2B. 439 Iidod); Mahood and Jordan, Science. 6Q. 4SS (1^ 64). 
(6) Peters and Fischer, J, Am, Chem. Soc., Jgg, 2079 (1930). 
(7) Xaxim and Popesco, Bal. soc. chia. lo^ nia. 16. 89 (1934). 
C.A,, 4355 {1?5?K 
(8) Paul, Gompt. rend.. ^ 2. 1444 (1936). 
(9) A, P. Bewlett, Thesis, "Furfural ai^  some of its I>eriva-
fcives", Iowa State College, p.83, (1930); Iowa State Coll. 
J. Sci.. 439 (1932). 
•% 
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sponsible for the results obtained. A discussion of these will 
be found later in this thesis. The two products which Hewlett 
isolated were both white solids with definite melting points, 
and were both called carbinols. "Rie products contained halo­
gens and were analysed for them. The siost unusual behavior of 
these two so-called carbinols was the loss of a halogen acid to 
form a new stable product. This substance, melting at 86°, was 
obtained as a decomposition product from both the chloro- and 
bromo-carbinols, being entirely devoid of halogens. 
Several years later, Wright (10) repeated tiae work of 
Hewlett with identical results. His investigation of the de­
composition material ^ o^wed that it could not be 5-phenyl-S-
fUrfural as a possibility of 1,4-addition, hence a further 
suggestion was offered that it might be an alpha^ pyrone, thus 
lo proof of structure, however, was given at that time. 
At a more recent date (10a) it was established in some unpub-
itO) 0. P, Wri^ t, Thesis, "Furfural and some of its Deriva-
{10a )®npu^ f 
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lished work of Wrist's, that the final deeomposltion product, 
TOlting at 86^ , on reduction with hydriodio acid in a sealed 
tube, yielded delta-phenyllevulinic acid, identified by its 
seoioarbasone. Zt was also stated that the oxidation of the 
product selting at 86^  with chrooilc oxide, g^ ve benzoic acid 
and aaleio as^ ydride. This work was not repeated by Wri^ t ani 
aany atteapts of the author to obtain maleic anhydride have 
failed. If correct, however, it would be excellent evidence 
for the following structure. 
Ossy usC-OgHs 
CgBsCOOH 
- 12 -
Discussion 
In order to avoid confusion, the work will "be discussed 
following the natural sequence in *toich it unfolded, each step 
apparently leading to a more promising developnent of the prob­
lem, until an assembly of facts warranted several theories as 
to the mechanisms involved. 
The work of Hewlett was repeated in preparing the so-call­
ed <5-chloro-2-furyl)phenylcarbinol, care being centered on 
experimental details. The results were identical with his and 
those of Wright's, It was noticed, however, that the extreme 
instability of these products depended to a great extent on 
the absence of acids, moisture, or any reagent tending to bring 
about hydrolysis. If great care and speed were not exercised 
in crystallizing these materials, one frequently obtained the 
final, stable, and halogen-free decomposition product, m.p. 86° 
One of the details was the hydrolysis of the Orignard-com-
plex with dilute acetic acid, followed by a steam distillation 
of the ether layer. The key to the whole |H*oblem depended on 
this step. After most of the ether had been distilled, there 
was a pronotmced, yet slight darkening of the remaining oil, a 
fact which indicated that a distinct change had taken place. 
Some doubt then existed as to the validity of calling this un­
stable product, thus obtained, a carbinol, A Zerewitinoff an­
alysis on this intermediate, ra,p, 114,5®, soon proved that no 
- 13 -
active hydrogen existed, thus confirming the suspicion that no 
carbinol had resulted. 
In view of these facts it seemed advisable to run Zere-
witinoff analyses on several furylcarbinols, such as furfuryl-
alcohol, phenylfurylcarbinol and diphenylfurylearbinol. All of 
these showed approximately one active hydrogen to be present. 
Also the product prepared by Hale and co-workers (3) from ethyl 
dehydroimicate and phenylmagneaium brtmide gave two equivalents 
of methane. The corresponding dicarbinol from methylmagnesium 
iodide was synthesized and likewise gave analyses for two active 
hydrogens. In every case, the normal carbinol was obtained as 
wcaild have been exi^ ected, This led to the conclusion that 
either 5-ehloro-2-furfural reacted normally, followed by some 
further reaction due to the steam distillation, or that it 
pursued an abnormal course with the Orlgnard reagent. The 
former being the simpler and laore plausible explanation was 
further investigated. 
Since the {5-chloro-2-furyl)phenylcarbinol, if first form­
ed, would have been extremely sensitive toward heat, purifica­
tion by vacuum distillation was entirely out of the question. 
Thus purification by any method having been eliminated, the 
only alternative left was direct preparation in n-butyl ether 
instead of the customary diethyl ether. After the phenyl-
magnesium bromide was prepaiNsd and the 5-chloro-2-furfural aided to 
» X4 — 
It, th« mixture was hydrolyzed with iced aiBmonium chloride solu­
tion. ®ie n-hutyl ether layer was dried with definite amounts 
of aiihydroua sodium sulfate and sodium earhonate, aliquot por­
tions being used for Zerewitinoff analysis. A blank was also 
run ui^ er identical conditions of temperature, moisture, dry­
ing agents, and time. It was thus found that after deducting 
the amount of methane produced in a blank and after figuring 
on ICX^  yield of carbinol from the aldehyde, which was hi^ ly 
unlikely, there was still evidence for 0,7 of an active hydro­
gen, In order to show the reliability of this Hwthod of anal­
ysis, a compound i^ ieh had no active hydrogen, namely, benzo-
phenone from benzonitrile and phenylmagnesium bromide was pre­
pared in the same manner, e^ amtmnt of methane produced from 
an aliquot sample was approximately the same as was given off 
by the blank, showing that the gas obtained above was due only 
to the active hydrogen from (5-chloro-2-furyl}phenylcarbinol. 
further validity of this method was shown by the fact that 
2-furylphenylcarbinol prepared in n-butyl other solution gave 
almost the identical amount of methane as (5-chloro-2-furyl)-
phenylcarbinol, namely 49,1 cc, and 49,4 cc. respectively. 
Since it was proved that the initial product from 5-<as3cro-
2-fux'fural and the O^ ignard contained beyond a doubt an active 
hydrogen, it was deemed advisable to next show that this hydro­
gen came from a hydroxyl group, i^s was accomplished after 
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several attempts toy oxidizing 2-furylplienyleartoinol in the cold 
with fuming nitrie acid. Extreme eare was taken that no aeid 
fumes ease in contact with the carbinol prior to its addition 
to the nitrating and oxidizing mixture. A product was finally 
obtained which was identical with Young's <11) 5-nitro-2-faryl-
ketone, fhe carbonyl group pi^ ved not only the exist­
ence of an alcoholic hydroxyl group, but also its position, 
eliminating ax^  suppositions that it mif^ t have rearranged. 
Ttie reaction between 5-ehloro-2-furfurel and phenylmag-
aeal\3m bromide having been shown to be a normal one, it was 
necessary to further investigate the unstable product, m.p.H^ , 
reported by Hewlett and Wri|^ t, Since the author has always 
felt that no acid should be used in the hydrolysis of any Qrig-
nard-complex involving the furan nucleus, all experiments were 
carried out in the above reaction using ammonltjm chloride for 
this purpose. It was found that the (5-chloro-2-fui»yl)phenyl-
carbinol prepared in n-butyl ether as above could be subjected 
to a vigorous steam distillation for fifteen minutes without 
the slightest signs of darkening or decomposition. A few drops 
of oil steam distilled very slowly and solidified when chilled 
in ice, but melted again after the cold bath was removed. Hav~ 
ing been extracted with ether, dried, and evaporated in a stream 
(11) Qllaan and Young, J, Am. Chem. Soc. . S6 . 464 (1954). 
- 16 -
of dry air, the product was stable for several days. When 
heated for a few minutes at 100°, darkening took place, mois­
ture condensed on the flask, and after standing one hour the 
dark purple residue was recrystallized from alcohol giving the 
secondary reaction-product of Hewlett's, m,p, 114°, 
•jphe above experiment substantiates the supposition that 
the carblnol was obtained as the initial product of the reaction, 
and that its stability depeMed upon the absence of heat and 
acids. It was further strengthened by the following test; an­
other sample of (6-chloro-2-fu3Tyl)phenylcarbinol was prepared 
in diethyl ether solution, ammonium chloride being used for hy­
drolysis, and dried with anhydrous potassium carbonate. The 
yellow oil left after removal of the solvent by evaporation 
with dry air was very soluble in alcohol, as would have been 
expected of a carblnol. It steam distilled very slowly with­
out darkening. When, however, one drop of dilute acetic acid 
was added to this hot mixture, a sudden discoloration was notic­
ed and upon completion of the nm, Hewlett's unstable material 
was again obtained, m,p, 114°, This ^ owed beyond a doubt that 
a trace of acid catalyzed the first step in the decomposition 
of {5-chloro-2-furyl)phenylcarbinol, Since moisture in con­
siderable quantities was evolved upon heating a sample of the 
carblnol, it was concluded that water was one of the decompo­
sition products from two molecules of the secondary alcohol. 
- 17 -
giving in all probability an etiier, 
10 OH HC  ^ IC 01 
ClI^ O^—|—<® 1—0 1— 
ISais hypot^ esiB was substantiated by all the experisental data 
eolleoted on this product, e^ molecular wei^ t as determined 
both in camphor and in benzene showed a value approximately 
double that of the carbinol. Analyses for carbon and hydrogen 
and also chlorine, all agreed more closely with the ether 
structure. 
Itittle or nothing has bean said up to this time concern­
ing the final, halogen-free compound, m.p, 86®, It is preferred 
to leave a discussion of its structure until later, since more 
li^ t can be shed on the problem after considering the corre­
sponding derivatives from tertiary carbinols. 
Bius far, the only reaction mentioned has been that in­
volving the preparation and properties of secondary halogen-
substituted carbinols of the furan series. The major portion 
of this thesis, however, deals with the attempted preparation 
of tertiary carbinols of the same type and their subsequent 
decomposition products. ®ie study of these was undertaken be­
cause it was felt that the tertiary alcohols mi^ t be solids 
- 18 -
ftnd hence more stable. Some of the first attempts to prepare 
{5»chloro-2-furyl)dlphenylcarbinol or the corresponding bromo 
compound ja-oved very discouraging because the initial halogen 
esters were not sufficiently pure, even though they were purl-
fled by distillation in vacuum several times. The esters ob­
tained from the chlorination of ethyl furoate and from the 
bromination of furoyl chloride were not sufficiently pure to 
give a clean-cut reaction rroduct, e^y were both hydrolyzed, 
recrystalllzed, and then again esterified before they were 
satisfactory for use. Pure ethyl 5-chloro-2-furoate was pre­
pared by Hill and Jackson (12) and ethyl 5-bromo-2-furoate by 
Hill and Sanger (13), 
The tertiary carbinols were prepared in the usual manner 
by adding the halogen-substituted ester to the Orignard re­
agent . It might be pointed out here that a gummy, sticky, and 
Insoluble precipitate formed at this stage of practically all 
experiments in which there was a Orignard-complex that had a 
furan ring as one of its components. This seems to be quite 
characteristic. For this reason all Orlgnard-complexes were 
d^rolyzed with ammonium chloride solution directly in the 
flask, cooling when necessary. The ether solution of the ter-
(12) Hill and Jackson, Am. Chem. J., 12. 30 (1890). 
(13) Hill and Sanger, Proc, Am. Acad. Arts Sci., 21. 142 (1885). 
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tiary carbinol was evaporated by a stream of dry air, but Just 
as soon as the last amount of solvent was removed, an issnedi-
ate darkening consmenced, accompanied by the copious evolution 
of the halogen acid. This decomposition aometiirses gained such 
speed as to become violent. In order to avoid accidents, a 
small amount was first allowed to decompose, and then the re­
maining ether solution of the carbinol was added, the solvent 
being removed slowly with dry air. The same effect could have 
been brought about by removing the ether with steam, which 
would have been followed by a sudden darkening of the remain­
ing oil. After all the halogen acid had been evolved, the 
brown to black colored, solid, residue was treated with norite 
in alcoholic solution and recrystalliaed several times, a,p. 
Ill®, Its structtire will be discussed later in detail. 
As yet, no tertiary halogen-substituted carbinols have 
been isolated as such, because of their extreme instability, 
Eenee it was believed that a tertiary furylcarbinol containing 
small groups In the place of phenyl residues might be sli^ tly 
leas Inclined to decompose. (5-Chloro-2-furyl)dlmethylcarbinol 
was prepared in the usual manner, and the pale yellow oil re­
maining after removal of the cax^ fully dried solvent, ether, 
solidified in long glistening needles, one to two inches in 
length. It was extremely soluble in every organic solvent 
used, and all attempts to recrystallize it failed. A small 
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amount was pressed on a porous plate for five minutes and an 
Inraediate Zerewitinoff analysis showed one active hydrogen to 
be present. The melting point was 42°-43°, Decomposition 
slowly commenced and within thirty minutes a guim^  sticky resi­
due renadned, hydrogen chloride having been lost. This com-
pound represented the only solid tertiary halogen carbinol 
ever isolated long enough to tal» its meltii^  point. No de­
composition praiuct could be found. 
The next phase of the problem to be attacked was the 
structure of the residue, m.p. 111®, remaining after loss of 
hydrogen chloride or br<»aide from the corresponding (5-chloro-
2-fuz^ l)diphenylcarbinol or {5-bromo-2-furyl)di|toenylcarbinol. 
After several unsuccessful attempts to synthesize it, the other 
method for proof of structure was followed, namely, degrada­
tion, Here several avenues of approach were used. 
!Rie first of these was the treatment with hydriodic acid 
in a sealed tube. The product isolated was an acid, postu­
lated as a new diphenyllevulinic acid, m.p, 107°-108®. This 
compouM had the peculiar property of oiling-out and remaining 
in this state sometimes for two weeks before solidification. 
The second course was the hydrolysis with sodium carbonate 
followed by the reduction with zinc dust in acid solution. 
Since such a weak base as sodiiun carbonate hydrolyzed the com­
pound, it was apparently a lactone, strong acids having little 
or no effect on it. For convenience, this product will be re­
- 21 -
ferred to as a lactone, the formula of which is postulated be­
low, It was found that the compound obtained in this experliseRt 
was also a diphesyllevulinlc acid, identical with that result­
ing above. 
BG =GH 
• HgSO^  mtj 
In order that the preceding experiments shall have had any 
value, the structure of this acid was proved both by synthesis 
and degradation. A number of delta-substituted levulinic acids 
have been made by Chichibabin (14) by the catalytic scission of 
the furan ring in different p[*imary or secondary carbinols. 
delta-Phenyllevulinic acid was prepared from furylphenylcarbi-
nol in alcoholic solution using a trace of hydrogen chloride. 
HC CH H0 CH  ^CH 
II II II II ?6H5j:iarrJ7 1 II 
0^-^  h 0^^  i ± g^i7 
(14) Chichibabin, Ghiale and Industrie. 11. 565 (1931), Congres 
da Chimie. 
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fi 
HO OH 
oi I—pI—CgHs * C^ OCHoGHoCOOGoHc 
OC2H5 OH H 
66H5-CH2C0GB2C%G00B 
#0g7 
fhis same reaction was employed using diplienylfU3?ylcarbinol. 
Although the ethyl ester of diphenyllevulinic acid was a very 
high boiling viscous liquid, it could be distilled in vacuus 
using SBtall quantities* Hydrolysis with a base, however, as 
suggested by Chichibabin resulted in a total loss, Refluxing 
with 5^  hydrochloric acid worked verj well. The acid obtain­
ed was crystallized from petroleum ether <69°-70®) or in very 
small amounts from hot water. It showed slightly more than one 
active hydrogen in a Zerewitinoff analysis, a fact which might 
be explained as being due to sli^ t enolization, 
o^ methods of degradation were followed, the first of 
which was oxidation. Upon treatment of an alkaline solution 
of diphenyllevulinic acid with potassium permanganate, two 
products were fomed and identified by mixed melting points 
of appropriate derivatives with authentic samples. These were 
benzophenone and oxalic acid. 
- 23 -
€^ECOCB20%CO(^  
SQoeeHgeagCooR 
The second method used was the splitting with alcoholic potas­
sium hydroxide. It has been shown by Or^ lchoff (15) that bena-
hydpyl benzjl ketone gave diphenylmethane &nd phenylaoetic acid 
i»hen treated with alcoholic potassium hydroxide. Since the 
same type of linkage can be found in diphenyllevulinic acid, 
one would expect the similar cleavage-products, diphenylmethane 
axjui succinic acid« %ese were found and identified by appro~ 
priate derivatives, 
s!oh 
 ^g ^ H^ aO-OBgCHgCOOH 
08 
• BOOC-GSgCHgOOOH 
Since the structure of diphenyllevulinic acid was shown 
to be as illustrated above, the third step in the proof of 
(15) Orilthoff, Bull, soc. chim.. §5, 109 (1919), 
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atructupe for the diphenyl lactone was the cleavage action of 
alcoholic potassixm hydroxide. It was hi^ ly prohahle that 
hydrolysis was first brought about, followed by splitting, 
fhe products identified were diphenylmethane and fumaric acid. 
In the fourth and last step, it was fotind that aqueous &% 
sodiim hydroxide slowly reacted upon the lactone giving an oil 
which could be steam distilled from the reaction flask in small 
aoounts. After extraction, it suddenly solidified when 
scratched with a glass rod. It was recognized by its character­
istic odor as asyim-diphenylacetone. There are two isotropic 
foms of this compouiKi which was first synthesized by Stoermer 
(16), The lower melting tinstable form, a, p. 46° was obtained 
only once, namely the first time it was prepared. This on 
(16) Stoermer, Ber,, 2302 (1906), 
SC^ CH HG=CH 
-J *057 ' i .^ etoMieZ 
HOOC-OH=GH"-CO^CH 
. 
eo:h 
I
C^6H5 
HOOC-
CH-COOH 
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standing changed into the higher melting foria, !B,p, 61**, Both 
forms gave the same oxime, m.p. 164°, The lower melting vari­
ety was obtained as the cleavage product of the lactone, the 
first time the reaction was perfoi^ d, but all subsequent runs 
produced the hi^ er melting substance, "fhe ketone was identi­
fied as the oxime, and a mixed melting point was not lowered 
with an authentic sample synthesized according to Stoermer. 
BO; H 
HO* B 
H-G^ G-H CBS CH, 
'^ 6% I /®6% I . 1  , '  ^ 6 5  I _ /  6 ^  _ '  
Os:C ' GssC^  " '  ^CtsC  ^ OC 
V C^sBg OH "OeBg ] 
HQ' H HC-CgBs 
O6H5 
All attempts to isolate further products failed. 
If the precursor to the lactone was a halogen-substituted 
tertiary carbinol, then it should have been possible to have 
prepared It also from the corresponding halogeno-ketone and the 
OrignaiHl reagent. It was found that 5-brofflo-2-furylphenyl ke­
tone when treated with phenylmagnesium bromide gave the sEune 
oily product which lost hydrogen bromide in a vigorous manner, 
Kie same final halogen-free decomposition compound was formed 
as in the case of ethyl 5-bromo-2-furoate. 
— 26 •• 
HC=CH 
I I /06B6 
oac 
 ^ "-cehg 
®bie structure of the stable halogen-free product obtain­
ed by Hewlett and Wright from 5-chloro-2-furfural and phenyl-
aagnesiuffi bromide la In all probability similer to that pre­
pared above from the halogen furoic esters, the exception be­
ing, only one phenyl residue in the place of two. This is, of 
course, supported by all of the physical constants and data 
together with the results of Wright's work mentioned earlier 
in this thesis. 
Since the only ester thus far treated with the Qrignard 
reagent was a mono-halogen derivative, it was desired to in­
vestigate this same type of reaction with di- and tri-halogen 
compounds. Because of the apparently incorrect nomenclature 
given by Hill to some of his furoic acids, the following naiaes 
will be used: 
BC=CH 
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Hill*a miae 
3,S-dltor«aaofurole acid (17) 
*-dlchlorofuroic acid (18) 
3,5-dichlorofuroic acid (19) 
Maae uaed herein 
4.5-dibroao-2-furoic acid 
5.6-dichloro-2-fttroic ac id 
4,5-dichloro-2-fttroic acid 
The reasons for this change will he discussed later in this 
thesis. In all cases in which the esters were liquids, puri­
fication by distillation was not alone sufficient. The free 
acid was first prepared in a pure for® and then esterified. 
Solid esters, however, were z^ ecrystallised. 
I%te first compound of this nature to be treated with the 
Qrlgnard reagent was ethyl 4,5-dibr0B0-2-fttr0ate, m.p, 58°, 
prepared by the bromlnation of furoyl chloride and followed by 
hydrolysis with ethyl alcohol. The (4,5-dibroBio-2-furyl)di-
phei^ learbinol was, of course, never isolated because it lost 
hydrogen bromide more vigorously than the corresponding mono-
bromo alcohol. It was so unstable that the ether solution 
sometiiTOS turned purple around the sides of the flask. Cooling 
with ice was occasionally necessary when the decomposition 
gained speed, the reaction being exothermic. 
(17) Bill and Sanger. Proc. Am. Acad. Arts Sci.. 159 
<1886-86). 
(18) Bill and Jackson. Am. Chem. J., Ig, 128 (1890). 
(19) Hill and Jackson, ibid.. lg.'^ 7 Tl890). 
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Upon crystallization from carbon tetrachloride, a light yellow 
both in benzene and in camphor, together with the analysis for 
carbon and hydrogen support the structure below. 
Similarity of this structure to the above mentioned halogen-
free lactone was supported by the fact that reduction with hy-
driodic acid gave the sasie product, namely diphenyllevulinic 
acid» Further evidence can be found in the scission products 
obtained by treatment with dilute sodium hydroxide. It will 
be recalled that the only material produced from the halogen-
free diphenyl lactone was asyinaietrical diphenylaoetone. Here, 
however, in addition to this product two other compounds were 
isolated, namely, oxalic acid and diphenylacetic acid. These 
were identified by mixed melting points using oxal-£-toluidide 
and diphenylacetamide respectively. The mechanisms postulated 
for the foz^ ation of these compounds are as follows: 
colored lactone was obtained, m.p. 156^  Molecular wei^ ts 
brc=:ch 
#0§7 
(A) 
X-C=CH 
/«6h5 
oac d=c. 
,^3 shifj^  
(B) I 
hooo-oooh 
®h^ 0 
hooo-pc 
h ^ #0 H SH^O 
u^icj^ -fxcts ptoj^  
sfi^ o \. 
sg90/ ho -t % 
h-6—6=0 
h 
ho ho 
%9o>! 
h-0=«:®0-0h 
p H d 
hoo0-5-io-3-9c ©ao^  ^
;h i h sh^ o 
hqh 
%^ 0 
%®0 >0-? % 
h-j 
0 
0-oh 
zsoa7 
%®0- 0 ho 
ho-d 0=0 
%90/. j 
h-0==s0-x 
/no^  /9ZJUO%&^  
®h®ov hq ho 
0^ 
H-o=o-: 
0 
- 6s -
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It will noticed that identical groups are to be found in 
eoapound (I) as in acetoacetic ester, and hence the ease type 
of cleavage might be expected. The only product lacking ac­
cording to this scheme is pyruvic acid. Several attempts to 
isolate this compound failed. 
The above series of reactions also helps to shed some 
light on the structure of Hill^ s dibromofuroic acid. Since 
asysmi-diphenylaeetone was obtained from the bromo-lactone pro­
duced by the action of phenylmagnesium bromide on ethyl di-
bromo-2-furoate, there is fairly good proof that the second 
halogen atom must have been in the 4-position of the furan 
ring, because no other plausible explanation can be given for 
the existence of the three hydrogen atoas of the methyl group 
in the ketone. If the second bromine atom had been in the 3-
position as suggested by Hill, no asyggR-diphenylacetone could 
hAve been obtained. Hence Hill's acid must have been 4,5-di-
brc^ -2-furoic acid instead of 3,5-dibromo-2-furoic acid. 
H—C " ""'0 —Br 
c^r c6h5 h 
b: 
0=( 
0^^  nsghs 
6H5 gaQg^ 
CO-C-H 
cehs 
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In 03»dep to further prove the validity of this reaction, 
3,4,5-trlhroiao-2-furolc acid of Hill*s (ISO) was made and the 
eater treated with the Grignard reagent in the usual mnner, 
e^ decomposition product in this case contained two atoms of 
bromine as indicated. 
Br-0 C-Br Br-C C-Br 
%hen this dibrorao lactone was treated with dilute alkali as 
in previous experiments, no diphenylacetone could be detect­
ed, Only a wine-red color developed and no effort was made to 
isolate any other compoui^ . 
Because only one dibromofuroic aoid is known having one 
of its halogens in the 5-position, the corresponding chloro 
derivatives were prepared, namely, 5,5-dlchloro- and 4,5-di-
chloro-2-furoic acids. "Rie esters of these compo\jnds when 
treated with the Qrignard reagent gave two isomeric chloro-
sr-c^  ^ -coocghg 
.CH-CO-
<20) Hill and Sanger, Proc, Am. Acad, Arts Sci,, gl, 179 (1886-86). 
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Imotox^ s which had prNftctieally the 8aii» aelting point. When 
mixed together, however, the melting point was lowered con­
siderably. 
HC=«:C-G1 
o=i 
v c^ghg 
ei-|—|h  ^cehs-ngsr;? jseiz-o.h. 
ci-e /C-ooooaHg o=i^  i=o:f ttn) 
Xt was fouxsd that the chloro lactone (III) pres«red fr<m 
the 4,5-dlchloro ester (called 3,5 hy Bill) gave upon treat*, 
sent with dilute alkali the same compounds as the correspond­
ing br<»io lactone, namely, dif^ nylacetone, dipheny lace tic 
acid, and oxalic acid, as would have been pz>edicted from its 
structure. The isomeric chloro-lac tone (ID, however, gave no 
diphenylacetone, the reaction being similflor to the dibromo 
lactone above. These results would again indicate that Hlll*s 
two isoaerlc furoic acids were incorrectly named, thus revers­
ing the positions of the halogens in them. 
Before proceeding further it ml^ t be well to name these 
lactones. In a note from Dr, 1, J. Crane, editor of Chonical 
Abstracts, it was stated that there was no |»articular objec­
BC C 
I " l-c. A 
-ci ^ cebs-mgi^  z=^ agi7 
g1 g^ g^-c00c2h5 
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tion to the name suggested by the author, alpha-broao-gaBBaa-
diphenylmethylone-crotonolactone, but for purposes of Index­
ing, preference was given to the lactone of alidaa-broao-gaBima-
hydroyy-de 1 ta.delta^ diphenyl-aliflaa. gaaaa^ pentadlenoic acid. 
Further reference to these compounds will be made using the 
Sorter and biozh» convenient names as substituted crotonolac-
tones. 
In order to eliminate the possibility of migration of the 
bromine atom in the 5-position, and in order to prove that it 
was this atom which was lost rather than any other halogen, 
the ester of 3,4-dlchloro-5-bromo-2-furoic acid (21) was tx^ at-
e6L with phenylmagnesium bromide. The product isolated should 
have been alpha.beta-dichloro-gamma-dii^ enylmethylene-crotono-
laetone, provided ^ e acid lost was hydrogen bromide, fhis 
compound was then synthesized from ethyl 3,4,5-trichloro-2-
furoate in the usual way. A mixed melting point showed no de-
px^ ssion, thus proving the identity of these two substances 
tLTB& establishing the fact that no rearrangement of the halogen 
atom in the 5>position had taken place. 
(21) Hill and Jackson, Am. Chem. J., 125 (1890). 
- S4 
Cl-C C-Cl 
Cl-C i3-eOOC2H5 
• 
6^b5-*gb*7 e^h5-mgbr7 
h^bx7 
c 
0 
-01 
p6h5 
/thciz 
6^% 
At this stftge of the problem it was desired to add an­
other hit of eTidenee for the proof of structure of Hill*8 
dihalogenofaroic aoids. A long and detailed diseuasion of 
Bill*s work may he found in the doctoral thesis of R, J, Van-
derWal (22), where proof is presented for the structure of 4,5-
dihromo-S-'furoie acid and the corresponding dichloro acid 
showing Hill to he wrong. Several phases of the problem were 
left unfinished, first, the synthesis of Bill's so-called al­
pha-anil ido-crotono lactone , second, the prej»ration of the 
same eompouM by another method, and third, the proof of their 
identities by aeans of a six^  nelting point, A brief review 
of Hill's work should be pertinent at this point, using the 
structures as he proposed them. 
(22) S, J, VanderWal, Thesis, "i^ iran Mercurials and Derived 
Types", Iowa State College, 1936, 
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Br-C^  X-COOH 
h|—|-br  ^ C J e-Br H—C=3C—Bl* Br-
h-fi=rrr^  _ whf. che |jg^  
Starting with 3,5«dit>rofflo-2-furoic aeid. Hill isreimred by the 
above series of reactions what he called an alpha-anilldo~ero~ 
tonolaetone (IV), m,p, 217^ -218®, He assigned the alpha-po-
sition because he believed the second halogen in furoic acid 
was attached to the ring in the 3»position, If, however, the 
bromine atom was located in the -^position of the furan ring, 
then Hill's derivative should in reality be beta-anilido-cro-
tonolactone. Since the only reference in the literature to a 
coapound of this type was a beta--substituted lactone, it was 
synthesized and compared to Hill's product. 
Wolff and Schimpff (23) found that tetronic acid (V) re­
acted very easily with aniline to give a beta-enilido-crotono-
lactone (VI), because the structure of tetronic acid demands 
that the compound be a beta-substituted derivative, e^ melt-
point was reported at 220^ -221^ , which was so close to that 
(23) Wolff and SiShiapff, Ann.. 315. 156 (1901). 
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givoB lay Bill «8 to be considered Identleal. 
b 
ho-c=c.h „ „ „ =^^ 257 06h5-*-0==c.h 
I I • OgHs-IHa > 1 1 
/«=0 
(V) ° 
e^re are only two methods in the literature for. the prep­
aration of tetronic aeid, the first of which having been given by 
Wolff and Schwahe (24) aeoording to the following scheme, 
ch3-0o-ch2-0ooe2h5 br-gh2-c0-chbr-c00c2h5 
/:c2h5%7 
b»(^ =s=b^ -.oh br»^ ab=st<^ »oh 
fetronie acid Br^ otetrenlc acid 
fhe other a»thod of preparation was given by Ansch&ts 
and Bertram (25) whose synthesis was rather long and involved. 
(24) Wolff and Schwabe, Ann., 291. 231 (1896). Wolff, ibid.. 
291, 254 (1896). 
AiuiCha (25) nsc utz and Bertram. Ber.. 466 (1903); ibid., M» 
469 (1905). 
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eHgCOGl • HO-CHg-GOOH ->• CfisCO-CSgCOOH CHsCOGBgCOCl 
HO- 'i'  ^-COOGHg 
hg-g, cso 
3^0*^  
h«0-g issscs^ -h /^ gao^  
^ h«ch(g00ch3>27 
kcio—{^  '•*••''' —c oochg 
Hg-
./ 
HO-
oso *ghg(c00ch5}2 
+ 
laCl 
-H 
Ho-C^  ,G=sO 
n/ 
Tetronio acid 
5he t«tronic acid prepared by both of the above i^ thods was 
converted to the anilldo derivative in each case, A mixed 
Belting point of these with Hill's so-called alpha-anilido-
erotonolactone showed no depression, l^ is proves again that 
Hill had a beta-substituted broraocrotonolactone, and conse­
quently a 4,5- instead of a 3,5-dibrorao-2-furoic acid as a 
starting material. 
In view of the fact that both 5-bromo and 5-chloi*o-2-
furoie acid esters gave the same crotonolactone when treated 
with the Orignard reagent, it was desired to know if methyl 
5«iodo-2-furoate followed the same path of decoaposition. When 
the solvent was evaporated from the (5-iodo-2-furyl)diphenyl-
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earblnoly a light tan solid remained which was stable for a few 
minutes and then slowly turned purple, A small amount was pres­
sed on a porous plate, leaving a itoite solid that melted at 
75®-76®, Any attempt to crystallize it failed, as decomposi­
tion began i^ enever moderate heat was used. The remaining dark-
Golored solid was warmed on a steam bath and a vacuum applied 
for a few minutes. On standing over night the black oil solid'* 
ified, and after extraction with petroleum ether yielded a very 
small amount of a compound, m.p, 85®-86®. This was not the 
leamma-diishenylmethylene-crotonolactone. m.p,111®, The new sub­
stance contained iodine as evidenced by a micro test. It is 
not surprising, however, that this carbinol did not follow the 
usual path of decomposition, since the hydrogen iodide liberat­
ed has such different properties from hydrogen chloride or bro­
mide. Because of the extremely small amounts available, noth­
ing further was done toward the structure of this new compound. 
Since (5-bromo-2-fUryl)diphenylcarbinol was never isolat­
ed for more than a few seconds, the proof that it was a true 
carbinol was still lacking. Hence diphenylfurylcarbinol was 
prepare and then brominated in carbon tetrachloride, keeping 
the mixture cool. The solution turned purple and evolved hy­
drogen bromide. The black oil obtained partially solidified 
on standing, giving off more hydrogen bromide when heated, A 
small amount of alpha.beta-dibromo-RamBa-dlTdienylmethylene-
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erotoaolaetone together with considerable quantities of the 
ao&o-bromolactone were isolated. This would tend to show again 
that it was the carbinol which was first formed, and that the 
Qrignard reagent acted noxnaally as would have been predicted. 
Incidentally, this experiment also lends support to the theory 
(26) ttiat the furan ring posesses superaroraatic properties by 
virtue of the fact that it not only brc^ inated twice, but even 
three times in preference to two benzene nuclei. 
It was mentioned in the early part of this thesis (27) 
that diphenylfurylcarbinol on standing for several months or 
sore slowly reverted to a reddish-brown resinous substance. 
(26) dilman and Towne, Rec, trav, chim., 1054 (19S2), 
jipmij 
Chem* Soc.. 4197 (1953). 
(27) This Thesis, page 8. 
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When this material was triturated with acetone, there separated 
a very finely divided solid which upon being filtered and wash­
ed gave a practically white crystalline residue, fhis material 
wat almost insoluble in all common solvents, but could be re-
crystallized from benzene using a Soxhlet extractor. The melt­
ing point of this compound varied, but usually was found to be 
215® (decomposition), This property is not uncommon to this 
type of structure, as Ooraberg (28) found that the melting point 
of bi#(triphenylraethyl) ether varied as much as ten degrees. 
There was a remrkable resemblance between the properties of 
this new material aM those of Oomberg^ s ether. It was quite 
susceptible to the hydrolyzing action of acids, but not of 
bases. All physical data indicated that the product was bis-
(diphenylfurylaethyl) ether. Since a compound of this type 
should give the corresponding carbinol upon hydrolysis, several 
attempts were amde to obtain the tertiary alcohol. Because of 
the iaatability of such furyl carbinols toward acids, complete 
deccotposltlon resulted. Since it was asstimed, however, that 
before decomposition had begun, diphenylfui^ l^carblnol had 
first been foznaed, then it should have been possible to con­
trol this secondeiry action by splitting the furan ring to a 
known product according to the reaction of Chichibabin (14). 
This hydrolysis and cleavage was accomplished by the use of 
(28) Gomberg, J. Am. Chem. Soc., S§. 208 (1913). 
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alcohol to which a trace of dry hydrogen chloride had heen ad­
ded, There resulted the ethyl ester of diphenyllevullnic acid 
which in tijrn gave the free acid in yields of 655^  based on an 
ether stamcture for the initial material. Since more than a 
yield was obtained, the identity of both residtaes in the 
ether was explained. 
h f -CH p6h8 
.c 0-
66h5 
HC CH 
p6h5 ii ii 
cghs 0 
Hi ri H 
-C OH 
m5 
2^050^  
Mci7 
cgh5 
c^h-g0-ch2ch2g00c2h6 
#c17 
^^ 227 
:ch-co-ch20h2cooh 
CqBS 
c6h5, 
cehs 
Several attempts were laade to synthesize this ether by 
the sune methods used in making Qoiaberg's triphenylmethyl ox­
ide, but all rea^ nts were too drastic for diphenylfurylcarbi-
nol. Earlier in this thesis (29) it was postulated that an un­
stable ether was first formed when (5-chloro-2«furyl)phenyl-
(29) Kiis Thesis, page 17 
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carbl&ol started Its series of decompositions in the presence 
of dilute acetic acid. Hence it was desired to know if this 
acid would have a similar effect on diphenylfurylcarbinol when 
heated on a water hath. To be sure, the decomposition was ac­
complished in seventeen hours, the product being identical witti 
that extracted fr<Ms the resinous laaterlal vAilch formed when the 
carbinol was left standing for several months. 
Further evidence for this type of structure given to 
Hewlett*s unstable halogen-substituted ether which he called 
(5-br<Mno-2-furyl)phenylcarblnol may be added to that already 
presented, from the fact that the diphenylfurylmethyl oxide 
obtained above could be br<»&inated. A broao-ettier, however, 
was not isolated because such a compound would probably be 
highly unstable. Instead, a decomposition product was found 
which was identical with that fomaed by the action of jdienyl-
magnesium bromide on ethyl 4,5-dibromo-2-furoate, 
H-c C-H H-C^  C-H 
br^ z 
Brj H 
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Br-C C-H 
ii I 96H5 
Br-C. /C C OH 
0^^  6eh5 _ 
Br-Ca==C-H 
oJ 
v '-•oghg 
Although thej-e are a numtoep of mechanisms vdiich rai^ t be 
foxmilated to interpret the results of the work presented in 
this thesis, it seems that the most convincing evidence at the 
present points toward 1,4-addltion to the furan ring. It ap­
pears altogether reasonable that on this basis the following 
series of reactions is most plausible (30). 
(30) Wote: ?hi8 system may be used for either secondary or 
tertiary earbinols except in the step (A) to (B) which 
is, of course, valid for only the fora»r type. 
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(A) «cetic acid 
HC CH HC CH 
J i 5 . „ y^-oH H^SO^r <®' I 1 S«®s PsBsl II 
xe  ^ c-c-OsHsZOEBsoa, Haso /^ „ c-c-o—o—o. cx 
6h V 6 H V 
or 
(c) t~^ f? 4^ .4-»da. h(0hj7 
xc4^ 1^c-^ c6h5 
^TT itvs&ssswil 
oh 
HCssbsGH A^ -«liainatlon7 HG=as=CH 
(P) I I R -•€ yu. -
osc^ s^d-gghg L'^ W 
(b) 
OaC. gghg 
®i0 formation of the ether (B) may be conaidered as being re­
versible depending wholly upon the conditions to which the com­
pound is subjected. Although this halogeno-ether was reported 
by Hewlett and Wri^ t as being very unstable, if it is stored 
In a dry ataospiiere and not in a small confined space, it may 
be Icept without appreciable decomposition. A small sample has 
been stored in an open-mouthed bottle contained in a desiccator 
over concentrated sulfuric acid for more than two years. There 
was of course SOBW discoloration, and the melting point was 
low, 97®> after one ez^ stallization it melted sharply at 
114^ , Another small sample which was sealed in a test tube 
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witb. an atmosphere of dry nitrogen deeonposed to a black solid 
within twenty-four hours, fhis would tend to show that the 
ether is quite susceptible to hydrolysis. As stated before^  an 
experlBMinter is quite likely to aiss the ether wholly, because 
he did not use pz»eeisely the correct conditions for its forma­
tion. the synthesis of the ether (b) frc«ii the carbinol (a) is 
supported experimentally by the appearance of ooisture when 
the true carbinol is wanaed on a water-bath. 
Since the furan nucleus contains a conjugated system, it 
is quite logical to postulate certain mechanisms as taking 
place through the well known 1,4-addition, A few of the out­
standing examples in the furan aeries will be reviewed, 
Diels and Alder (31) having found that maleic anhydride 
added to a conjugated system as in isoprene showed that furan 
also followed the same reaction by adding in the l,4-po3itlon. 
In the ruction between furfuryl chloride and potassium 
cyanide, Reichstein (32) obtained a mixture of products, the 
(51) Diels and Alder, Ber,, 554 (1929). 
(32) Beichstein, ibid.7^ . 749 (1930). 
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a&jor portion of which was found to he 5-M©thyl-2-fupoic acid 
eausad hy sooe typ® of rearrangement. It was partially ex­
plained on the basis of an intermediate compound (0) whose con­
jugation behaved like an allyl double bond as is characteristic 
of allyl j^ enolic ethers. 
such a compound as (6) on the basis of 1,4-addition followed 
by 1,2-eliaination. 
(53) Glalsen, Ann,, 81 (1926); Ber., 2344 (1926). 
(54) Scott and Johnson, J, Am, Ghem.'Soc.. fi4. 2551 (1952), 
Scott and Johnson (34), however, explain the presence of 
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HC GH HCs==CH HCs=4p[ 
hg^ /^ -chggl kcc^ h^-chgcl sccg^ ^^ schg 
Support for this a^ ielianlsHEa may be fotrnd in the faet that 5-
aethyl-S-fupf^ ryl chloride gives the normal prodaet, S-sethyl-
S-furonitrile and no rearranged material« 
Preure and .Johnson <55) have observed that in the nitra­
tion of furan, which was effected in the presence of acetic an­
hydride, there was fon^ d an interaediate nitrwicetate. It 
aeemed reasonable to assi^  to this c<»Bpound a ring structure 
(H), whi^  would be pro(3uced by 1,4-addltlon of nitric acid and 
subsequent aeetylation. 
f c^tylatio^  hc=0h 
chjcoo^ c^ h^-ilog 
,^4-elijbi*^  
h^scoog? 
e^arr^  
h 
Hf—fH H6—OH 
ho^c-*og i^hjooogz chjooo—o^o-hog 
The transfoiwtion of the interaediate (H) into 2-nitrofuran 
CS5> Preure and Johnson, J. Am« Chem. Spc.. 55. 1142 (1951). 
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by action of pyridine was explained by 1,4-elimlnation of 
aeetie acid or by tlie preliminary rearrangement into an Iso-
Bwric nltroacetate (I) followed by l,2'-ell»ination of acetic 
acid. This type of rearrangement may be expected to occur 
i^ adily since this shift of the double bond brings it into con­
jugation with the double bond of the nitro group. This reac­
tion is analogous to the migration of the double bond from the 
beta,gamma- to the alpha,beta-positions in unsat\irated carbox-
yllc acids. 
In the bz>omination of ethyl furylacrylate to get ethyl 
S-bromofurylacrylate, Oilman and Wri^ t (36) have favored 
1,4-additicm partly because the second molecule of bromine 
apx»rently added laterally; because no ethyl 3- or 5-br<aiofuryl-
acrylate was isolated, and finally because polynuclear substi­
tution took place with great difficulty when the hydrogens at­
tached to carbon atoms 2 and 5 were replaced. 
Oilman and Breuer (37) also have explained the formation 
of 5-methyl-2-furoic acid from 5-methylfuran and RHa compouz»is 
followed by carbonation, as being due to an allylic rearrange-
TOnt so characteristic of furfuryl systems. 
(36) Oilman and Wri^ t, J. Am. Ghe-m. Soc., pt2. 3351 (1930) 
(37) Oilman and Breuer, ihid.. 56. ll2C"(1934). 
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-ghg 
2^h5ha7 
GOOH ch2cooh 
IH view of taie fact that most of OUP evidence points to-
waxHi l,4-&dditlon in the furan ring, the saechanisra presented 
above for the loss of a halogen acid from secondarj or terti-
&rj arylfurylcarbinola appears to be raoat convincing. It will 
be noted that one molecule of water could accomplish the com­
plete decomposition of an infinite ntimber of earbinol mole­
cules. 
In the last step of the mechanism proposed, the 1,2-elim-
ination of water forms a compound having a series of conjugat­
ed systems both of the running and crossed types. The latter 
arises by virtue of the presence of two banaene nuclei when 
the scheme is applied to tertiary carbinols. This might find 
•upport as pointed out above by the tendency of the double 
bond to migrate from the beta.gamma- to the alpha,beta-position 
in unsaturated earbo:xyllc acids, thus forming a conjugated 
system. 
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An electronic interpretation for the decomposition may be 
given on the basis of the explanation suggested by ?!hitmore 
(38) for molecular rearrangements. 
(I) 
• • •• 
''o'- :'<3: 
** m 
hc4;:3gh 
x:c® c^:!l:r 
.•5'-
(iv) 
V 
/add. 
:8:h/ 
h^if;^  
h:g4;3c:h 
• « • • 
• • **15 
x:c® 
•b**' 
• * 
(II) 
/shif^  
(HD 
„ *5 2^  w'v, 
x:c'' 
htc^ ::2c:h 
• • 
x.-«5 K §' = 
,k.c ci:g:r 
(V) 
h:q-
*^^ 4**3^ '^  
" r ^  
/tj'. 
« g (vii) 
;s::c c::5;r —^  
In the original carbinol (I), each atom has a completed octet 
(38) Whitmore, J. Am. Chem. Soc., 54, 3274 (1932). 
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and the linking is due to the shared electrons. Such a sjsteia 
remains quite stable until something disturbs the equilibrium. 
If a hydroxyl group is lost, together with its complete octet, 
then carbon atom 1 in structure (II) finds Itself deficient in 
electrons. It is believed that the electronegative hydroxyl 
group is removed first, because of the nature of the environment 
which surrounds it, Sxperimental evidence has shown that a 
tertiary alcohol possesses an extremely labile hydroxyl group. 
On this basis it mi^ t be predicted that a tertiary carblnol 
having two negative phenyl residues would Impart a greater 
tendency for the elimination of the hydroxyl group, than a sim­
ilar secondary carblnol, having only one phenyl radical. This 
fact is born out by the experimental evidence that the tertiary 
halogeno-arylfurylcarbinols are much more violent in their 
process of decomposition than the corresponding secondary alco­
hols. The deficiency of electrons in the open sextet on carbon 
1 is made up by a shift which leaves carbon 2 momentarily un­
stable. fhis deficiency is in turn satisfied by a second shift 
of electrons, leaving carbon 5 in structure (IV) with an open 
sextet. In this reactive condition, carbon 5 completes its 
oetet by the addition of the hydroxyl ion which was lost earlier 
in the reaction. Since such a compoiind as (V) is unstable due 
to the presence of a halogen and a hydroxyl group attached to 
the same carbon atom, a further loss of HX may be considered as 
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taking placo in two steps: first, the loss of a proton, and 
secoM, the loss of the highly negative halogen with its com­
plete octet. Hhis elimination gives rise to a perfectly stable 
lactone (VII). 
fhis aechanisni may or may not have any merit for one 
reason, namely, that the same type of electronic interpreta­
tion can be used to explain practically any rearrangement, hence 
it may be too general in its application to be of any specific 
value. 
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BXPERllfEHTAL 
Beactlon between 5-Chloro-2~furfural and Phenylmasnealum Bromide. 
Ihe directions of Hewlett and Wright (39) in the prepara­
tion of what they called (5-chloro-2-furyl)phenylcarbinol were 
carefully followed, and identical results were obtained. The 
following experiment illustrates the general technique used 
throughout the course of this problem. A stock solution of the 
Orignard reagent was titrated in the customary manner (40) and 
aliquot samples were used for all reactions. Experiments were 
conducted in a three-necked, round-bottomed flask equipped with 
a mechanically driven mercury-sealed stirrer, dropping funnel, 
and a reflux condenser, ISie apparatus was filled with dry ni­
trogen. 
To 0,09 mole of phenylmagneaium bromide in 100 cc, of dry 
ether, there was added, dropwise, and with stirring, 10 g, 
(0,076 mole) of 5-chloro-2-furfural (41) in 40 cc, of dry ether. 
When approximately half of the aldehyde had been added, a char­
acteristic precipitate formed, which, in this case, was a white 
solid. In all other runs the Orignard-coraplex was a gummy, 
sticky, mass, the physical state of which made it impossible to 
(59) This Thesis, page 9. 
(40) Oilman and Meyers, Rec, trav. chim.. 45. 314 (1926). 
(41) Qiiltoan aad Wri^ t, ibid,, 50 . 855 (1931). 
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transfer prior to hydrolysis. For this reason, the mixture was 
hydrolysed by the addition of a saturated solution of anuaonixxm 
chloride, through the dropping funnel, cooling when necessary. 
Prior to hydrolysis, the mixture was stirred for one hour and 
then a color test made (42), The result was often positive be­
cause an excess of Qrignard reagent was generally used. Stirring 
greatly shortened the time of hydrolysis and consequently lessen­
ed the possibility of further aide reactions, The ether layer 
was separated, dried over anhydrous potassium carbonate, and 
used in the following experiments. 
In this particular run, the ether solution was placed in a 
distilling flask and steam passed into it to remove the solvent. 
The residue, a light yellow oil, remained unchanged throu^ out 
an additional fifteen-minute heating period. At the eM of this 
time one drop of dilute acetic acid was introduced aM an im­
mediate darkening occurred. After cooling the mixture, the oily 
material was extracted with ether. When this solution was dried 
and evaporated, it left a dark purple solid, which was washed 
with alcohol and recrystallized fran petroleum ether (69 - 70®), 
5he white needles thereby obtained melted at 114®, The yield 
of bi»(5-chloro-2-furylpihenylmethyl) ether was 28,2^  of the 
theoretical amount. If the solvent from a small portion of the 
(42) Gilman and Sohulse, J. Am, Chem, Soc,, 47. 2002 (1925). 
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carefully dried ether solution of (5-chloro-2-furyl)|di©nyl-
oartoinol wa« removed by a stream of dry air, there remained a 
clear light yellow oil wdiich was stable for several hours* 
When heated on a water bath for a few minutes, darkening occur­
red, and the appearance of moisture in considerable quantities 
on the sides of the flask was noted. Ho test was made to prove 
that this moisture was water. After standing a short time, 
the dark oil solidified, and upon recrystallization, gave the 
same chloro-ether as above, m,p. 114*^ , 
Another sam^ jle of the ether solution was subjected to pro­
longed steam distillation without decomposition, A few drops 
of yellow oil in the distillate solidified in an ic© bath, but 
melted again at room temperature. They were dissolved in 
ether, and the solution carefully dried with anhydrous sodiua 
sulfate. Upon removal of the solvent, the oil which reiaained 
was quite stable for several days. When heated on a water 
bath, as above, the same result was obtained, namely, the for­
mation of bi8(5-chloro-2-furylphenylmethyl) ether, i^s would 
Indicate that the carbinol, formed as the initial product of 
the Grignard reaction, lost water upon heating, thus producing 
the chloro-ether. 
Properties of Sia(5-chloro-g-furylphenylmethyl) Ether. 
When pure, this compoxmd is a white solid In the form of 
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needles, melting at 114®, After "being stored In a desiccator 
containing concentrated sulfuric acid for two years, it did not 
decompose but merely discolored. After one recrystallization 
it was again pure. A small amount which was sealed in a test 
tube under dry nitrogen, decomposed the following day. This 
apparent difference in behavior was due to the fact that in the 
latter case, if any hydrogen chloride was evolved, it would 
have no chance to escape as in the case of the desiccator, but 
would bring about complete decomposition. 
Anal. Calcd. for 66,2; H, 4.04; CI, 17.77; 
ffiol, wt., 399, Found; G, 66,25; H, 4,42; 01, 17,87; raol. wt. 
by micro Hast (43) method, 391,5; by cryoscopic method in ben­
zene, 564, 365, Zer«witinoff analysis: So active hydrogen, 
Beaction between S-Bromo-g-furfiiral (44) and Phenylmagnesium 
Bromide. 
i^s reaction was carried out in the same manner as 5-
chloro-2-furfural and phenylmagnesium bromide. The (5-bromo-
2-furyl)phenylcarblnol was stable when subjected to steam dis­
tillation, but darkened immediately upon the addition of a drop 
of dilute acetic acid. The bis(5-bromo-2-furylphenylmethyl) 
(43)Houben, "Die Methoden der Organischen Ghemie", Leipzig, 
1925, ?ol. I, p,933, 
(44)Oilman and Wright, J, Am. Chem. 3oe,. 1170 (1930). 
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ether nas more sensitive to decomposition than the correspond­
ing chloro-ether, and hence required more care in preparation. 
The yield was of the theoretical amount. 
Properttea of Bia(5-broiBO-2~furylphenyljBaethyl} Bther. 
When pure, this compound is a white solid, melting at 127 -
128®, It is less soluble in alcohol than the corresponding 
chloro-compound. 
Anal. Calcd, for CggH^ gO^ Brg: C, 54,15; H, 3,31; mol. wt. 
448, Pound; 0,53.56, 53.6; H, 3,46, 3,56; aol, wt, by cryo-
scopic iBBthod in benzene, 458, 472, 
Zerewitinoff Amtlysea of Furyl Carbinola. 
B^ furyl alcohol, water soluble, 0.91 active hydrogen., (45). 
Furforyl alcohol, water Insoluble, 0,86 active hydrogen, (45). 
FurylphenyIcarbinol, 0,93 active hydrogen. 
Diphenylfuirylcarbinol, 0,91 active hydrogen, 
T«tpaphenyl-2,6«furyldicarblnol, 1,89 active hydrogen, 
f®tpaaethyl-2,5-furyldicarbinol, 1,84 active hydrogen. 
Tetra3oethyl-2,5-fiiryldicarblnol was prepared in the usual 
sanner trma. methylmgnesium iodide and ethyl dehydroiBucate, 
(45) Hotej This aaaiple was furnished by Dr, Willard E, Catlin, 
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with a yield of 26,5^  of the theoretical amount. After re-
crystallization from petrolexm ether {69 - 70®), the melting 
point of the white solid was 66 - 67®, The compound became 
greenish-yellow in color when left standing for a short time. 
This reaction has not been reported in the literature. 
Preparation of Furylphenylcarbinol In n-Butyl Ether and Sub­
sequent Zerewitlnoff AnalyeiaT 
The purpose of this experiment was to establish a method 
for the identification of an active hydrogen in a carbinol, 
without preliminary isolation and purification. Such a run was 
neeessary since (5-chloro-2~furyl)ph©nylcarblnol could not be 
purified without decomposition, 
fhenylmagnesiua bromide was prepared in the usual manner 
from 12,5 g. (0,08 mole) bromobenzene, except that the n-butyl 
ether was used in place of the diethyl ether. All excess mag­
nesium was removed by filtration, fo this solution was slowly 
added 6,76 g, (0,06 mole) of furfural, dissolved in 25 cc, of 
n-butyl ether. A negative color test showed that all the 
OrignaM reagent had reacted. The hydrolysis with ammonium 
chloride required two hotirs. The ether layer was separated and 
the water layer extracted with 5 cc, of n-butyl ether, llie com-
bli»d ether solutions were dried in a 100 cc. volumetric flask 
with 4 g, of anhydrous sodium sulfate and 1 g, of sodium car­
bonate. After standing in an ice box for two days, enough 
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sodl-um-drled n-tutyl ether was added to bring the volume to 
100 cc, at 25®, A 5 cc. portion was used for a Zerewltinoff 
analysis, correction being made for the volume occupied by the 
drying agents, 
Theoretical volume of methane, 67,5 cc. 
Volume of methane found, 59,5 oc. 
Volume of methane from blank, 10,4 cc. 
Volume of methane found due to furylphenylcarbinol, 49,1 oc. 
These results show that the method used is suitable for 
the analysis of unstable carbinols of this tyre and that 
active hydrogen was present after the volume of the gas from 
a blank was deducted. 
Preparation of (5-Chloro-2-furyl)phenylearblnol in a-^ tyl 
fither and Subsequent Zerewltinoff Analysis. 
To an excess of phenylmagnesium bromide there was added 
8 g, <0,06 mole) of 5-chloro-2-furfural in 20 cc, of n-butyl 
ether. The experimental details were as nearly identical with 
those in the above preparation as possible. Thus the amount 
of methane produced should have approximated the volume obtain­
ed from an equal sample of furylphenylcarbinol. This quantity 
was. 49.4 cc, for {5-chloro-2-furyl)phenylearbinol as compared 
with 49,1 cc, from furylphenylcarbinol, Hiis shows that an 
active hydrogen exists, and that the reaction between 5-chloro-
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2-furfural and the Grignard reagent is perfectly nonraal. 
Preparation of Benzophenone from Benzonltrlle and Phenylmag-
nealtim BroaldoJ 
Six and two-tenths grama (0,06 mole) of benzonltrlle were 
added to an excess of phenylmagneslum broalde in the seme man­
ner as atovo, except that the hydrolysis was accoapllshed "by 
heating \vlth 5^  hydrochloric acid, The remaining manipulation 
was identical. Since no active hydrogen exists in benzophenone, 
only a small amount of methane was obtained, namely, 13,4 cc. 
This was comparable to that produced by the blank, and further 
substantiates the validity of the method used. 
Oxidation and nitration of Furylphenylcarbinol. 
To 46,5 g, (0,454 mole} of acetic anhydride contained in 
ft 200 cc, three-necked flask provided with a thermometer, a 
mercury-sealed stirrer, and a dropping funnel, and cooled to 
-5®, there was added slowly 20,3 g. (0,316 mole) of fuming 
nitric acid (sp.gr., 1,5), so that the temperature did not 
exceed 0®. I^ e temperatui^  was then reduced to -15^ , and 11 g, 
(0,0632 mole) of furylphenylcarbinol dissolved in 20 g. of 
aeetic anhydride was slowly added, keeping the teapej^ ture be­
low -12®, Care aaist be exercised by using another clean, dry, 
dropping funnel for the carbinol. Ho acid fumes should be al­
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lowed to 0ome in contact with the alcohol. Stirring was eon-
timed at -IS*^  tor two hours* The mixture was poured on crack­
ed ice and partially neutralized with 105^  sodium hydroxide, 
followed by an excess of sodiTom carbonate. The brown oil 
which separated was extracted with ether. To this solution 
there was added 11 g, of pyridine. After standing fifteen 
mimtes, the ether was removed under reduced pressure, and the 
residue poured on cracked ice, Tim mixture was extracted with 
ether and the solution dried with anhydrous sodium sulfate. Up­
on evaporation of the solvent, the brown semi-solid residue was 
treated with 25 cc, of ii»thyl alcohol, allowed to stand in the 
cold, and filtered, ISae solid was recrystalliaed fr<«B methyl 
alcohol, using norite. The cream-colored 5-nitro-2-furyl phenyl 
ketone melted at 112°, A mixed melting point with an authentic 
sample was not Iwered, The yield was 1,57 g,, or 11,45?^  of 
the theoretical amount. 
Deceaiposition of Bis{5-chlero-2-furyIphenylmethyl) Ether to 
gamai-Benzalcrotonolactene. 
This procedure Imis already been given by Wright (46). The 
hydrolysis was aeo<^ pli8hed in good yields by merely refluxing 
eitl®r the chloro- or bromo-ether in an alcoholic solution for 
(46) a, P, Wrij^ t, Doctoral Thesis, "Furfural and Some of its 
Derivatives", Iowa State College, 1932, pa^  63, 
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on« hoar, aM then cooling to obtain crystals of th© lactone, 
ai.p, 85®, 
In order to show that it was not the heat alone which 
brou^ t about the iM»action, a small amount of the broaio-ether 
was refluxed for six hours in a benzene solution. The compound 
was recovered unchanged, Bap*127®, 
Prepai^ tlon of ffiBam«"DipheBylaethylene'>orotonolactene froa 
Ethyl 5"Ctol0r0"2~jtkr0aie and tlienyliB&gnesi^  Bromldel 
To 0,52 mole of phenylraagnesium bromide there was added in 
the usual manner 43.6 g, (0,25 mole) of ethyl S^ chloro-S-furoate 
in 200 cc« of ether. When the ether from the solution of the 
earbinol was evaporated, a pale yellow oil remined for approx­
imately one minute. At the end of this time, decomposition be­
gan and hydrogen chloride was evolved, The reaction became so 
vigorous that a small amount of the product was lost in the 
mild explosion which accompanied the formation of the gas. An 
improved Boethod for controlling this reaction was accomplished 
by first allowii:^  a small sample of the oil to decompose, and 
then adding to it the ether solution. Upon removal of the ether 
by a stream of dry air the liberation of hydrogen chloride was 
apparently smooth and controlled, The dark purple residue was 
recrystallized from alcohol, using noriteto remove the color, 
®ie yellow crystalline lactone melted at 111°, and was obtained 
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in « yield of 48,4jC of the theoretical amount. 
Anal. Calod. for 82,25j H, 4,84, Found: 
C, 81,8; H, 5,28, 
Preparation of Ethyl 5-»Chloro-2-'fui*oate, 
5-Chloro-2-furolc acid was prepared according to Hill and 
Jackaon (47) by the chlorinatlon of ethyl furoate followed by 
fractional distillation in vacuum. Although certain fractions 
boiled over small ranges of temperature, they were still too 
Impure to use with the Qrignard reagent. The fraction boiling 
at 98-110®mm, was hydrolyzed with alcoholic sodium hydrox­
ide, e^ sodium salt was dissolved in a small amount of hot 
water and the free acid precipitated by pouring upon iced hy­
drochloric acid. Upon recrystalllzatlon from hot water, the 
acid melted at 176-177®, 
The pure ester was prepared by refluxlng gently for 12 
hours a mixture of 7,2 g, of 5-ohloro-2-furolc acid, 12 g, of 
absolute ethyl alcohol, and 7 g, of concentrated sulfuric acid, 
in^ e solution was then poured into Ice water, and the oil ex­
tracted with ether. The mixture was washed with a sodium bi­
carbonate solution and dried with anhydrous sodium sulfate. 
After removal of the solvent, the ester was distilled in vacuum; 
(47) This Thesis, page 18. 
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b.p, 95-96®A'?' BM.; ^  1.4982; d|® 1,2587, 
Preparation of gaiama-Piphenylmetliylene-crotonolactone froa 
Sthyl S-*)Breao~2-fur'oate and Phenylaiagnesiiai Bromide^  
{5-BroxB©-2-fttryl )diphenylcarbiiiol was prepared in the same 
way as the corresponding <^ loro-derlvative from 21,9 g. (0,1 
mole) of pure ethyl 5-hr<aBO-2-furoate and 0.224 mole of phenyl-
aagnesium bromide. The carbinol obtained began to decoiapos© as 
soon as the ether was removed, becoming a reddish-purple in 
color. Hydrogen bromide was evolved and the reaction became 
violent. Within ten minates a dark solid remained. tJpon re-
crystallization from alcohol, the yellow crystalline product 
melted at 111*^ , A mixed melting point with the above crotono-
lactoi^  from ethyl 5-chloro-2-fuiH5Bte was not lowered, l^ ie 
yield was 56,5^  of the theoretical amount. It might be pointed 
out here, that the addition of one drop of pyridine to the 
ether solution of (5-bromo-2-furyl)diphenylcarbinol stabilized 
the compound after the removal of the solvent, even upon heat-
inig at 100® for thirty minutes. When the pyridine was removed 
by washing with water, the remaining yellow oil decomposed 
quickly. This experiment was not repeated. 
Preparation of Bthyl 5-Bromo-2-furoate. 
The most convenient method for the preparation of 5-broBO-
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2-furoic acid is given by Whittaker (48), who brominated fupoic 
acid in a carbon tetrachloride solution, The acid, a.p, 183-
184°, was purified by rocrystallization frow hot water. Of the 
various methods for ©sterification, the Fischer-Speier sethod, 
using dry hydrogen chloride, gave the beat yield. Seventy-six 
grams (0.39 mole) of pare S-bromo-B-furoic acid was dissolved 
in 150 cc, of absolute ethyl alcohol. After saturation with 
hydrogen (diloride, the solution was allowed to stand over ni^ t 
and then poured on cracked ice, l^ e oil was extracted with 
ether and the solution washed, first with water, then with di­
lute sodium carbonate. After dicing with anhydrous sodium sul­
fate, and removing the solvent, the residue was distilled in 
vacuum, b,p, 117-118®/^  ma. The yield was 86,of the theo­
retical amount. 
Preparation of {5-ChloiH>'»2-fuiryl)dimethylcarbinol and its 
l^ perties,  ^
e^ compouiul was jarepared in the usual manner from 13,5 g, 
(0,0775 mole} of ethyl 5-ehloro-2-furoate and a ten per cent 
excess of methylmagnesium bromide. After hydrolysis, the sol­
vent was removed from the ether by gentle heat. The residual 
oil was steam distilled. About 6 cc, of oil was found in the 
distillate, and extracted with ether. The solution was dried 
(48) Whittak»r, Rec, trav, chial, 62. 352 (1933), 
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with anhydrous sodium sulfate and the ether evaporated, The 
clear yellow oil which remained, solidified on standing, Ttie 
needles which formed were sometimes two inches in length. The 
eoBpotiiwi was extremely soluble in all common organic solvents 
and would not crystallize from any of them, A small sample was 
dried on « porous plat© for five minutes and the white solid 
residue was founcL to melt at 42-43®, A Zerewitinoff analysis 
of this material showed 0,84 of an active hydrogen. Within 
thirty minutes the corapoimd started to decompose. It slowly 
lost hydrogen chloride, leaving a dark oil from which no further 
product was isolated, 
Pz'eparation of Methyl 5'"Iodo-2-furoate. 
2,5-Dlchloromercurifuran was prepared by the mereuration 
of furan described by Oilman and Wright (49), lodinatlon of 
this material gave mostly, 2,5-dilodofuran, which was purified 
first by steam distillation, and second by distillation xmder 
vacuum, b,p, 115-116 /12 mm,; m,p, 47®, ®ils compound was im­
mediately used for the preparation of the Qrlgnard reagent. It 
has been reported (50) that an activated magnesium alloy is 
necessary for the preparation of S-iodo-B-furylmagnesixun iodida 
(49) Gllman and Wright, J, Am, Chem. Soc,, §§, 3306 (1933). 
(50) Oilman and Wri^ t, Iowa state CollT J. Scl.. §, 85 (1931). 
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It was found, however, that the reaction between the iodide and 
nsagnesiuffl turnings began after being refluxed in dry ether for 
ten to fifteen minutes, if a crystal of Iodine and a few drops 
of ethjlaagneslum bromide were added. In fact, a very positive 
color test was obtained when the ethylsiagnesium bromide was 
omitted. It was found advantageous to start the reaction with 
a aiaall amount of magnesitm turnings, and then to add the re-
aaining required amount in the form of large pieces, in order 
that they mi^ t be 3?eaioved prior to hydrolysis. If consider­
able quantities of magnesium were present durii^  hydrolysis of 
the carbonated 5-iodo-2«furylmagnesiuHi iodide, reduction occur­
red and furoic acid was obtained, 
To 3,5 g, of magnesium turnings and 2 g, of lump aagnesium, 
there was added a crystal of iodine and a few drops of ethyl-
laagnesivua iodide in 10 cc, of dry ether. Fifty-five and ei^ t-
tenths grams {0,17 mole) of freshly distilled 2,5-diiodofuran 
dissolved in 100 cc, of dry ether was placed in a dropping fun­
nel, After adding approximately 10 cc, of this halide, the 
mixture was refluxed. In ten to fifteen minutes the reaction 
started and continued to reflux when the remainder of the di-
iodefuran was dropped into the flask. After all the halide had 
been added, the mixture was refluxed for fifteen minutes more, 
A very deep green color test was obtained. Ihen the mixture 
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was carbonated (51) in the usual manner, a dark brown precipi­
tate forsied, The product was hydrolyzed quickly with dilute 
acetic acid, so that the excess of magnesium could be filtered 
to prevent reduction. Hydrolysis with aBmoniua chloride was 
not used because it was too slow in its action. The ether solu­
tion was extracted three times with 5^  soditm hydroxide, The 
combined basic extractions were acidified with hydrochloric 
acid and the black precipitate was recrystallized from hot 
water. The light tan 5-i©do-2-furoic acid raelted at 195®, A 
mix^ d melting point was taken with an authentic sample, "^ e 
yield was 3,3 g,, or 7,965^  of the theoretical aaount. 
Four grans (0,017 mole) of 5-iodo-8-furoic acid was dis­
solved in 10 cc, of absolute methyl alcohol, and saturated 
with hydrogen chloride. The mixture was poured slowly into a 
cold sodium carbonate solution and the solid ester was filtered. 
It was recrystallized to a constant melting point of 85®. 
Methyl-5-iodQ-2-furoate crystallised from the solution in shin­
ing plates, and was obtained in a yield of 40,5^  of the theo­
retical amount. One and two-tenths ^ ams of acid, howerer, was 
recovered from the basic solution. 
Reaction of Methyl 5-Iodo-2-furoate and Phenylmagnesiuia Broaide. 
f© an excess of phenylaagnesiuia bromide in 10 ec, ©f ether, 
(51) Oilman and Parker, J, A;n. Chem. Soc., 46 . 2816 (1924). 
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there was added 0,5  g, (0,0004 mole) of methyl 5-iodo-2-ftiroate 
in 10 cc, of ether, A characteristic guianty precipitate formed. 
After reflu*ing for fifteen minutes, the mlxtiire was hydrolyzed 
by the addition of an aHBaonliini chloride solution, A fleeting 
but delicate lavender color developed for a few seconds, and 
then disappeared when more of the hydrolyzing solution was add-
erd. The ether layer was dried, and upon evaporation of the 
solvent, there remained a light-colored solid. This was stable 
for a few minutes, but gradually turned purple, A small amount 
was quickly pressed on a porous plate, leaving a white solid, 
m.p, 75-76®. All attempts to recrystallize the compound failed, 
since decomposition took place as soon as any heat was applied 
to aid solution. Within one-half hour the color of the material 
had changed to dark purple. Further decomposition was accomp­
lished by heating on a steam bath in a vacuum. Ilie remaining 
black oil solidified after standing over nij^ t. This was re-
crystallized from hot petroleum ether (77-115®), The li^ t tan 
precipitate melted at 85-86® and gave a positive micro test for 
iodine. The yield was appcoximately 0,01 g. A mixed melting 
point with gamraa-dlphenylmethylene-crotonolaotone was 60®, 
showlE^  that this reaction was entirely different from the cor­
responding chloro- and bromo-esters. 
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An Attempt to gjnthealze gaaMa-PlphenylBiethylene-crotonolactone, 
Using a synthesis somewhat similar to that given hy fhlele 
(52), a mixtiire of 9,8 g, (0,1 mole) of maleic anhydride and 
16,8 g, {0,1 mole) of dlphenylmethane was heated to 150®, and 
16 ce, of acetic anhydride was added, dropwise, with stirring, 
over a half-hoiir period. It was hoped that the two hydrogen 
atoms in diphenylmethane would be sufficiently active to remove 
one of the oxygen atoms of the carbonyl group in maleic anhy­
dride, thus forming a double bond. 
HC=r=CE HG==CH 
1 1 2 GgHg /THO]^  I I /CgHg 
0=6. .6^  + x oac, 
0^^  R' GqEQ 
p^on removal of the dlphenylmethane by steam distillation, only 
approximately 0,1 g, of gummy residue remained, ®iis did not 
yield any solid material upon extraction with petroleum ether, 
(69-70®), 
Heduction of gaama-PiPhenylmethylene-crotonolactone to Di-
tfcenylievuiinlc I'eia, 
One gram of the lactone was refluxed for five hours with 
6 ec, 47^  hydriodic acid. Since the reaction started immedlate-
(62) fhiele, 242 (1899). 
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ly, this time could have been shortened. The mixture wad then 
made basic with sodiuB! hydi^ xide and extracted with ether to 
remove any foreign aaterial. The alkaline layer was then acid­
ified with hydrochloric acid and extracted three times with 
aaall portions of ether to remove the diphenyllevulinic acid. 
Upon drying, and evaporating the ether solution, an oil was ob­
tained which was recrystallized from petroleum ether (69-70®), 
Five-tenths grams of white crystalline acid was isolated, m,p, 
107°, A Btixed melting point with known diphenyllevulinic acid 
prepared from diphenylfui^ lcarbinol was not lowered. 
lydrolysis of ^ m^ -Diphenyliaethyleae-crotonolactone followed 
t?y Redueiion to ISiphenyllevulinio Acid. 
A mixture of 0.5  g, of this lactone, 7 cc, of alcohol, and 
10 cc, ©f saturated sodium carbonate (53) was heated on a steam 
bath for one hour, allowing most of the alcohol to evaporate. 
A 10 cc, portion of water was added, thus obtaining a clear 
solution. Ifee odor of aayaro-diphenylacetone was quite notice­
able, fhe basic solution was extracted with ether and the 
ether solution discarded. After acidification with hydrochloric 
acid, the aqueous layer was again extracted to remove the 
aeidie compounds, This ether solution was evaporated and the 
(53) Thiele, Ann., S06. 149 (1899) 
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oily residue dissolved In 10 cc, of 10'^  sodlura hydroxide. To 
this there was added 3 g, of zinc dust, and the mixture was 
heated for fifteen minutes at the helling point. After filter­
ing, the solution was extracted twice as indicated above. The 
ether solution containing the acidic compounds was evaporated to 
dryness, leaving a yellow oil. This was extracted with boiling 
water and the solution hurriedly filtered. Upon standing for 
several hours, a white solid precipitated. After recrystalliza-
tion from petroleum ether (69-70°), the white solid, diphenyl-
levulinic acid, melted at 107-108®, A mixed melting point with 
diphenyllevulinic acid prepared from diphenylfurylcarbinol was 
not lowered, The low yield of approximately 0,05 g, was probaliLy 
due to cleavage of the lactone as well aa hydrolysis, since 
asyam-diphenylaeetone was recognized by Its odor. 
Action of Aqueous Sodium Hydroxide on gaBsma-Dlphenylmethylene-
erotoBolactene, 
A mixture of 1 g, of the lactone and 100 cc, of his sodium 
hydroxide was subjected to steam distillation. The volume of 
liquid was kept constant by the application of more heat when 
necessary. An oil slowly collected In the distillate, e^n 
approximately 800 cc, of distillate had been collected, it was 
extracted with ether. After drying with anhydrous sodium sul­
fate the solution was evaporated, leaving an oil with a char-
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aetttristie sveet odor. After cooling and seratching with a 
glass red, it solidified. Recrystallization from petroleiam 
ft o 
ether {69-70 ) gave a white solid, m.p, 46 . This was the lower 
Belting form of asyam-diphenylacetone, which slowly reverted to 
the higher melting variety, a»p. 61®, Both forms, however, 
gave the same oxime, m.p. 163°. A mixed melting point with the 
oxime of known a syma-dipheny lace tone ^ owed no lowering. "Fhe 
yield was 77,2% of the theoretical amount. 
]^ irther investigation of the aqueous solution remaining 
in tib.e distilling flask, revealed no oxalic acid in contrast 
to that obtained from al^ -^bromo-gs^ ia-diphenylmethylene-
crotonolactone (54). 
Action of Alcoholic Potassium fi:^ roxide on gammaoPipheKyl-
metbylene-erotoaoiactone. 
One gram of this lactone was refluxed for six hours with 
methyl alcoholic potassium hydroxide prepared by dissolving 
10 g, of alkali in 25 cc, of absolute n»thyl alcohol, A solid 
potassium salt was filtered, washed with a small amount of 
alccdiol, and dissolved in 10 cc. of water. After being acidi­
fied with hydrochloric acid and cooled,019 g. of white solid 
precipitated, "Phis was identified as fumaric acid by esteri-
fication, using methyl alcohol and dry hydrogen chloride. The 
<54} l^ is Thesis, ¥»ge 83. 
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ffietliyl fuBiarate was recrystalllzed from "Skelly D" (77—115®) 
o 
aal iMlted at 102-103 • A mixed melting point with an authen-
tic sample was not lowered, ®he yield of fumaric acid was 
40,6^  of the theoretical amount, Hhe alcoholic filtrate from 
the potassium fuaarate was poured into 50 cc. of water and the 
oil extracted with ether. After drying with calcium chloride 
and evaporating the solvent, the residue was nitrated with 5 cc, 
of fuming nitric acid in an ice hath, e^ product was diluted 
with cold water, filtered, and washed with hot alcohol. This 
dinitrodiphenylsthane, melting at 185®, was obtained in a 
yield of 67,3^  of the theoretical amount, A mixed melting 
point with an authentic sample was not lowered. 
An Attempt to Synthesiee Dlphenylievulinic Acid from the Mono-
ethyl Ester of Succinyl Chloride and Benzokydrylmagnesium 
c^ loridet 
It was hoped that the acid chloride group, being more 
active according to Enteman aM Johnson (55) than the carbo-
ethoxy group, would react in the major portion of this synthe­
sis, This would have produced ethyl diphenyllevulinate. 
To 3,84 g, (0,023 mole) of the monoethyl ester of succinyl 
Chloride (56) dissolved in 100 cc, of ether, was added with the 
(65) Snteman and Johnson, J, Am, Cheg, Soc., 55. 2900 (1933). 
(56) Michaels and Hermens, Ber.. &5. 274T"(1892j. 
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usual ppeeautions, 0.022 laole of benzohydrylmagnesium chloride 
(57), When each drop of Orignard reagent hit the solution, 
there developed a fleeting orange color which disappeaz^ d in a 
fraction of a second. After the addition of the Grignard 
agent, a positive color teat was obtained, which may or m&j not 
have had anj significance (58) since acid chlorides give posi­
tive tests also, fhe mixture was hydrolyzed with an aBoaoniuBi 
chloride solution and the ether layer was dried with anhydrous 
8<HiiuBi sulphate. Upon evaporation of the solvent, an oil was 
obtained along with a sisall amount of solid tetraphenylethane, 
tt,p, 214-21€^ , So mixed melting point was taken, The oil was 
extracted with alcohol, and the solution was then evaporated. 
One-half the residue was distilled in vacuum, but the boiling 
point was considei!^ bly lower than that of ethyl diphenyllevu-
linate, The other half was refluxed for six hours with 5^  
hydrochloric acid. After this treatment the insoluble oil was 
eolleoted with ether. The ether solution was extracted with 5^  
sodiuBi hydroxide to reaove any diphenyllevullnic acid, but 
nothing precipitated when the basic solution was acidified, 
Prei^ ration of Diphenyllevulinic Acid from Diphenylfarylear-
binol. 
The reaction used by Chichibabin (14) was slightly modi-
(57) Qilman and 2oellner, J, Am, Chem, Soc,. 52, 3984 (1950). 
(58) (lil»an end Heck, ibid., 4949 (1930), 
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fled to suit the eozslitions. Tventy-two end ei^ t-tenths grans 
(0,0912 aole) of freshly prepared dlphenylfurylearhinol was 
dissolved in 45 g, of absolute ethyl alcohol. Dry hydrogen 
chloride was passed into the solution until a sli^ t warming 
was noted. The mixture was then refluxed for four hours and 
poured into 250 ec, of sodim carbonate, fhe oil which pre­
cipitated was extracted with ether and dried with anhydrous 
sodium sulfate. After removal of the solvent, the residue was 
distilled in vacuum, b.p. 226-227®A a«.; 1,552; d|® 1,169. 
the yield of ethyl diphenyllevulinate was 12,9 g, or 47,7?S of 
the theoretical amount. 
Sydrolysis of this ester was first attempted with alkaline 
reagents, but only a very poor yield of diphenyllevulinic acid 
was obtained. It was found, however, that prolonged refluxing 
with ten parts of hydrochloric acid gave a 72,25^  yield of 
ttie theoretical amount. The product was extracted from the re­
action mixture with ether, which in turn was extracted with SjC 
sodium hydroxide. Thin basic solution was acidified and again 
extracted with ether. After being dried with anhydrous sodium 
sulfate, the solvent was evaporated, The residue occasionally 
was an oil which required several weeks to solidify. This oil 
crystallized fr®a an ether-ligroin (89-70®) mixture in the for® 
of a white needle-like solid, B,p, 107-108°, 
Anal, Calcd, for ^ X7^ 16^ 3* 76,2; H, 5,97; atol,wt,, 
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268; aeti've hydrogen, 1,0, FouiKi: C, 76,0; H, 6,59; mol.wt, 
by 8»at method, 270; active hydrogen, 1,1, 
Oxidation of Diphenyllevulinie Acid. 
To 1 g, of this acid dissolved in 50 cc, of 5% sodiiaa hy­
droxide there was slowly added 1 g, of potassium permanganate 
in 65 ec, of water. After thirty minutes the mixture was 
filtered, and the clear solution extracted with ether, The 
ether solution, having been dried and evaporated, left an oil 
which, when treated with hydroxylamine, gave 0,26 g, of benzo-
j^ enone oxii^ , This was Identified by a mixed melting point 
with an authentic sample. The yield was 745^  of the theoretical 
amount. 
•Rie alkaline filtrate was acidified and carefully evapo­
rated to dryness on a sand bath, e^ residue was pulverized and 
extz^ cted three times with small portions of hot alcohol. These 
extracts were evaporated, leaving a white residue which was 
slli^ tly sticky. After refluxing for orm hour with 25 cc, of 
ether, and filtering while hot, the solution was evaporated to 
5 ee» The supernatant liquid was decanted and the cirystals re­
maining were dissolved in 0,5 ec, of alcohol. Upon evaporation 
to two drops, crystals formed. These melted at 183-184®, A 
mixed melting point with known succinic acid was 185-6®, The 
yield was approximately 0,02 g. 
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Cleavage of Dlphenyllevullnlc Acid with Alcoholic Potasalxim jail • •••'••I III Ii«m nil il« imi (•••Hig.iiii PIIM > tmn mi ii>ii .i iiiii-
By<Iroxl<l<i« 
Five-tenths grama of this acid was rafluxed for six hotjrs 
with 10 cc» of concentrated methyl alcoholic potassium hydroxide. 
0^ potaasiusi salt which separated, was filtered and washed 
with a iraall quantity of methyl alcohol, The filtrate was di­
luted with several times its volume of water, and then extracted 
with ether, The ether solution wag dried with calcium chloride 
and evaporated. %e residue was nitrated In an ice bath with 
2 ee. of fuming nitric acid and poured into cold water. The 
solid, m,p, 182-183°, was filtered and recrystallized from ben-
sene, A mixed melting point with known dinltrodiphenylmethane 
was not lowered. The yield was 70,85? of the theoretical amount. 
The solid potassitiffi salt was dissolved in a 6 cc, of water, 
filtei^ ed, acidified with hydrochloric acid, and evaporated to 
dzTness on a sand hath. The residue was pulverized and extract­
ed three times with 5 cc, portions of hot alcohol. These were 
evaporated to dryness and washed with small amounts of ether. 
The succinic acid obtained weighed 0.2 g, and represented a 91^  
yield. Its £-toluidide was prepared and a mixed melting point 
with an authentic sample of suceln-£-toluidide, m.p, 263®, was 
not lowered. 
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l^ epayatlon of gM^ a-PlphenylTaethylene-erotonolaotone from 
5.>S3^ ao*2.f\aryl FheiKfl ketone and rtiei^ laMiLgBealim Bromide. 
To an excess of phenylmagnealiiffl bromide there was added 
6 g, (0,0259 mole) of 5-brorao-2-furyl phenyl ketone, obtained 
fro® J, M, Straley (59), who prepared It by the broailnatlon of 
furyl phenyl ketone* A white crystalline precipitate formed 
and the mixture was refluxed for fifteen mlnatee. A positive 
color test Indicated an excess of Grignard reagent. After hy­
drolysis with a cold ajsimonlum chloride solution, the ether 
layer was dried with anhydiHJus sodliim sulfate. It was noticed 
that the (5-bromo-2-furyl)dlphenylcarblnol, thus prepax^ d, was 
extremely unstable as evidenced by the decomposition which took 
place around the edges of tiie flask containing the ether solu­
tion. fhe solvent was removed by a stream of dry air, and the 
dark purple residue continued to evolve hydrogen bromide, fhe 
decoaposition was then hastened by heating on a water bath aM 
by applying a vaeuoa, %e black oil solidified on standing a 
few hours, This was reerystallized from alcohol, giving tan 
crystals which melted at 110-111®. The yield was 55,7^  of the 
theoretical amount, A mixed melting point with gagim-dlphenyl-
methylene-crotonolactoney prepared from ethyl 5-br<aao-2-furoate 
azid the Orignard reagent, showed no lowering. 
(§9) J, M, Straley, Doctoral Thesis, page 51, Iowa State College, 
1956, 
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Pr9pax>fttloii ef Ethyl 4.5"Pn3rc3mo~2»ftiroftte. 
Farojl chloride was first prepared according to the siethod 
gi-ven 'bj Baum (60) using furolc acid and thionyl chloride. The 
yield by this procedure was very good. To 180 g. (1,276 mole) 
of furoyl chloride there was slowly added, at room temperature, 
600 g. (7,5 mole) of bromine, through a reflxix condenser. Af­
ter the addition was completed, the mixture was refluxed in an 
oil bath for four hours, kt the end of this time the pressure 
was reduced and a vacuum applied for ten hours, until the ex­
cess bromine was removed along with hydrogen bi'oralde, To this 
Blxture was added 460 g, (10 raole) of ethyl alcohol, taking car® 
that the reaction did not becone too violent. After refluxing 
again for four hours, the estjer was poured into ice water, with 
stirring, ard the oil collected with ether, dried, and distilled 
ih vacuuHi, A fflodified Clalsen flask was very helpful in sep­
arating the fflonobrorao-ester from the dibromo-ester, Hie frac­
tion boiling at 131°/16 ism, contained only a small amount (25 g.) 
of dlbroBio-ester, which was recovered by another distillation. 
The fraction boiling at 131-145®/16 lam, contained practically 
pur© dibroffio-eoBipotind and solidified upon cooling. It was re-
cryatallized from methyl alcohol, giving a pure product, M#p, 
(60) Baua, Ber.. 2951 (1904). 
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57-58*^  (61), The yield baaed upon the furoyl chloride was 
44,2^  of the theoretical amount. 
Preparation of alpha-Bromo-gainma-dlphenylmethylene-crotonolac-' 
tone frm Ethyl 4,o-»l>lhromo*2»faroate and fheaylmagaeslum Bro­
mide . 
To 0.056 ttole of phenylnagneslum bromide in 74 cc, of 
ether there was slowly added 7,94 g, {0,0278 mole) of the ester 
dissolved in 35 cc, of dry ether, A dark viscous oil sepairat-
ed. An abnormal length of time was required to hydrolyze the 
arignaz^ -ccn&plex with an ammonium <^ lorlde solution, e^ ether 
layer was dried and the solvent evaporated with air. Decompo­
sition began before all the ether was removed. The dark purple 
residue was washed with a little ether and then with llgroin 
(69-70®), There remined a tan colored solid *i4ilch, after be­
ing recrystallized from carbon tetrachloride and decolorized 
with norite, gave sparkling yellow crystals, m,p, 158®, The 
yield was 52,B% of the theoretical amount. 
Anal, Calcd, for C3^ 7H;][;j^ 02Br; C, 62,36; H, 3,36; mol.wt,, 
327, Pound: C, 62,3; H, 3,74; mol.wt, by C3?yoscoplc method, 
312, by Rast method, 332. 
(61) Hill and Sanger, Proc. Am. Acad. Arts Sci,. 164 (1885-
1886). 
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Reduction of alT3ha~BROBIO-Kamm«-dlpheytylmethylene~crotonolaetone 
tenE^ 'ipheii^ lle^ llnie Add. 
One gram of the lactone wrs refluxed with 5 ce, of 4t7% 
hydpiodlc acid for five hotjrn. The sarae technlqtie was •used in 
isolating diphenyllevulirtlc acid as was followed in the exper­
iment concerning the reduction of the corresponding halogen-
free lactone f62), e^ ecld Which was ohte.lned required ten 
dajs to solidify, and was then cj^ stallized fr<MB petroletaa ether 
(77-115®), ra,p, 105-106®, A mixed melting point with diji^ ei^ l-
leTulinlc acid prepared from dlphenylfiirylcarbinol was 107-108®, 
?he yield was 54,8^  of the theoretical amount. 
Action of Aqueous Sodium Hydroxide on alpha-Rromo-»ffaMaa,-di^ enyl-
ii»thyieBe~crotonelaetone. 
Two grams of the lactone was placed In a 100 cc, distilling 
flask ©quipped with a condenser, and 28 cc, of 5^  sodiura hydrox­
ide was added. Steam was passed through the mixture, the level 
of the liquid being kept approxiieat ely constant by the applica­
tion of more heat. When no more oil was visible In the distil­
late, the reaction was stopped, e^ volatile oil was collected 
with ether, and the solvent evaporated, fhe remaining product 
was treated with hydroxylamlae, giving 41 g, of the oxiiae of 
asyaaa«dipheBy lace tone, or a yield of 33,6J^ . 
(62) Ihls Thesis, page 70 
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Wnen the above basic solution was acidified, a precipitate 
fojraied. After being filtered and dried, tho coapound weighed 
0,81 g,, which represented a yield of 62,4^ , It melted at 143-
144® and a mixed melting point with diphenylacetic acid was not 
lowered. In order to be absolutely positive, diphenylacetamlde 
was prepared according to Japp and Knox (63) by way of the add 
l^oride. It iraslted at 167^  and a mixed oeltlng point with an 
authentic sample was not lowered. 
fhe acidic filtrate from dlphenylacetlc acid was nade basic 
with sodium hydroxide and extracted with ether to remove unde­
sirable material, e^ aqueous layer was acidified and care­
fully evaporated to dryness. %e residue, after being pulver­
ised, was extracted twice with small amounts of hot alcohol to 
remove any oxalic acid. These alcoholic extracts weare combined 
and evaporated. The remaining acid was used to prepare a deriv­
ative with Tg-toluidine. The oxal-£-toluldide waited at 268® 
and a mixed melting point with an authentic sample was 269®. 
The yield was 85^  of the theoretical amount. 
Preparation of alpha. beta"DlbroTO-j;a^ a~diphenylmethylene-
eretoiMslaetone jn^ m Ethyl 3.4.S-TrlPro^ -g-furoate and Phegyl-
aagnesitm bromide. 
To 0.07 mole of ^ enylmagneslum bromide in 50 cc. of ether 
(63) Japp and Knox, J, Chea, SQC., 87. 685 (1905). 
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there was slowly added 11,3 g, (0.03 mole) of the above ester 
dissolved in 200 cc. of ether. After hydrolysis, the ether 
layer was dried and evaporated in a stream of air. The light 
brown oil remaining seemed to be quite stable for a short time, 
even when heated for five minutes on a water bath, ?o start 
decomposition, a trace of hydrogen chloride was introduced, and 
the earbinol soon began to darken, VThen heated on a steam 
bath, the reaction proceeded rapidly, leaving a black solid 
residue. Alcohol would not dissolve this lactone even on boil­
ing, Carbon tetrachloride, however, proved to be a good solvent 
for its resrystallisation, A yellowish-brown, crystalline, ex­
pound precipitated on cooling. When purified several times in 
this manner the lactone melted at 211^ , The yield was 27,1^  of 
the theoretical amount. 
Anal. Calcd, for 39,38, Found; Br, 
39,57, 39,75. 
Preparation of Ethyl 3.4,5"-^ ibromO'"2~furoate. 
3,4,5-'Tribrcmo-2-furoic acid was prepared according to 
Hill and n^ger (64), ®iirty grams (0,157 mole) of 6-bromo-2-
furole acid was exposed to the vapors of bromine in a desic­
cator, until the weight had increased to that demanded by the 
(64) Hill and Sanger, Proc, Am. Acad, Arts Sci., gl, 175 (1885-
1886). 
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fonmlft for aonobromopyromacic tetrabromlde. In this case, tlie 
veiglit inereased to 80 g, in six days. This reddish, gvawj 
mass was dissolved in 100 cc. of absolute ethyl alcohol and 
cooled in an iee^ salt bath« While the mixture was being 
mechanically stirred, there was added slowly a saturated solu­
tion of sodium hydroxide in absolute ethyl alcohol, until no 
further precipitate foniM»d. After filtering, the sodium salt 
was dissolved in a minimum quantity of water, and poured into 
an excess of iced sulfuric acid solution, e^ crude tribromo-
furoic acid was quite insoluble in cold water, but was recrystal-
li«ed from boiling water, m.p, 218-219®, The yield was 9,4 g,, 
or IV.ljS ©f the theoretical amount. Hill did not give any 
yield, 
e^ acid was esterified according to the directions of 
Hill and Sanger, using concentrated sulfuric acid and absolute 
ethyl alcohol. !fhe yield of the ester was 94,3^  of the theo­
retical amount, Sc^ e free tribr<»aofx2rolc acid was recovered, 
fhe eater was purified by recrystalllsation from alcohol, and 
lilted at 104°, 
Action of Aqueous Syiium ^ droxide on alrdaa .beta-Pibromo-
jSl^ ma-diphenylaethylene-crotonolactoBe. 
fhis lactone was treated with 5^  sodium hydroxide and heat­
ed with steam in the manner described above for the monobromo-
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laetoae, purpose was merely to show that no oil steam-
distilled, and henee no dlphenylacetone was obtained, '^ e 
solution in the distilling flask became wine-irod in color. Ho 
further products were sought. 
Preparation of alr^ -Chloro-^ amiBa'-dlphenylmethylene^ rotono-
iaotoine from Ethyl '4[,5~Dlehloro'-'^ -'furoat;e and raenylaagnesium 
BroaldeJ 
An ether solution containing 8,9 g, (0,042 mole) of ethyl 
4,5-dlchloro-2-furoate, prepared accoMing to Hill and Jackson 
(19) and called 3,5- by them, was added to 0,09 mole of phenyl-
BuignesiuiB bromide in 50 cc, of ether. After hydrolysis, the 
ether layer was dried with anhydrous sodium sulfate. A small 
amotmt of this solution was evaporated, leaving a viscous yel­
low oil which looked as though it mlg^ t crystallize, Heiwe it 
was cooled and scratched with a glass rod. Instead of solid­
ifying, it decomposed at the point of contact, hydrogen chlor­
ide being evolved. The residue was dark purple in color. The 
remainder of the carbinol solution was then added to the part 
already decomposed, and the ether was removed by a stream of 
dry air, Instead of a dark colored residue, as in all other 
similar cases of decomposition, a light brown solid was ob­
tained, after the loss of hydrogen chloride. When recrystal-
lized several times from alcohol, using norite, 9,7 g, of yel­
low lactone formed, trowing a constant melting point of 127®. 
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l&il# yield of 80.1^  represents the highest ever attained with 
this type of decomposition, 
Anal« Calcd, for 03^ .71^ 2^ 0201: CI, 12,55, bounds 01, 
12.56, 12,48. 
Action of Aqueous Sodium Hydroxide on elpha-Ghloro-gaflroa-
dipheayla» thylene»erotonolaetefie. 
One-half gram of this lactone was placed in a 100 ec, dis­
tilling flask equipped with a condenser, and 85 cc. of 6% of 
sodiim hydroxide was added. Steam was passed through the aiix-
ture, the level of the liquid being kept approximately constant 
by the application of more heat. When no more volatile oil 
was visible in the distillate, the reaction was stopped and the 
oil collected with other. After evaporation of the solvent, 
the residue was treated with hydroxylaaine, giving 0,09 g, of 
asyma^ dii^ enylacetone oxime, m,p, 163®. This was identified 
by E»»an8 of a mixed melting point with an authentic sample. 
The yield was 19.85^  of the theoretical amount. 
When the above basic solution was acidified, the precipi­
tate which formed was filtered and dried, m.p, 143-144*', It 
proved to be diphenylacetic acid and was identified by means 
of a mixed sMlting point with a known sample, The correspond­
ing acid asoide was sMitde and further identified by its melting 
point, 167^ , Hie yield was 53.4ji of the theoretical amount. 
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The acidic filtrate from the diphenylaoetie acid was aade 
basic with sodium hydroxide and extracted with ether to remove 
any undesirable material, 'Phe aqueous layer was acidified and 
carefully evaporated to dryness on a sand bath. The residue, 
after being pulverized^  was extracted twice with small portions 
of hot alcohol, to reiaove any oxalic acid, e^ reisaining acid 
was treated with ^ -toluidine to get o*al-jg>-toluidide, ra.p. 268-
269®, A mixed melting point with an authentic sample was not 
lowered, 15ie yield was 0,02 g, or of the theoretical asount. 
Preparation of beta-Ghloro-i8cymtta~diTdienyliBethylene-eroteno-
lactone ^ rom Bthyl 5,6-Dlchloro-2-f^ oate and Ph6nyls»gne«iu» 
Bi*oaide. 
An ether solution containing 5,7 g, {0,0272 mole) of ethyl 
3,5-dichloro-2-furoate, prepared according to Hill and Jackson 
(18) and called 2[-dichloro- by thera, was added to 0,06 mole of 
phenylmagnesium bromide. After hydrolysis, the ether layer was 
dried and evaporated. The yellow oil remaining was warmed on a 
water bath for a few minutes and then it suddenly decomposed, 
The reaction was quite violent and almost foamed out of the 
flask. The reddish-brown oil which was left after the hydrogen 
chloride was lost, soon solidified. After several recj^ yatalli-
sations from alcohol, using norite, the yellow crystals loelted 
at 128,5®, A mixed melting point with the corresponding alpha-
chlorolactone was 98®, showing the dissimilarity of the two 
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isomers, 
An&l. Caled, for Gl, 12,55. Found; Cl, 
12.69, 12.60. 
Action of Aqueous Sodium Hydroxide on beta»ChlorO''gaBima-
Aiphenylaeihylene-erotenoiactonS'i^ 
One-half gram of this lactone was treated with 25 cc, of 
sodium hydroxide in the same aianner as the alpha-chlorolac-
tone (65). So volatile diphenylacetone steam distilled, The 
only change was the development of a wine-red color in the dis­
tillation flask. The result of this experiment was Identical 
witii tlmt obtained from the alpha, be ta -dihr omo lac tone (66), 
Preparation of heta-Dichloro-/j[aua%-fliphenylaethylene-
erotoBolaetone from Ettiyl 3.4.5-TrichleTO'-g--faroate and Fhenyl-
iMtia^ slun Bromide. 
To 0,12 mole of i^ enylma^ esium bromide in 90 cc, of ether, 
there was added 10,67 g. (0,05 mole) of ethyl 5,4,5-trichloro-
2-furoate dissolved in 100 cc, of ether. A dark purple color 
soon developed, but disappeared upon hydrolysis, l^ e light 
brown ether layer was dried, and a saiall amount was evaporated, 
leaving a viscous yellow oil with the chai»acteristic odor of 
(65 ) fhis Thesis, page 87, 
(66 ) This fhesis, page 85. 
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f\iryl earbinols. This odor resembles that of farfural but is 
mch more fragrant, and not quite so intense. The earbinol 
seemed to be quite stable when heated for a few minutes on a 
water bath. To hasten decomposition, a trace of hydrogen chlor­
ide was added and the earbinol heated again. The product lost 
hydrogen chloride and changed to a brown solid in approximately 
thirty minutes. The main ether solution was added to this 
material and the solvent evaporated. The residue was heated on 
a steam bath for five or ten minutes, until it suddenly deewa-
posed and solidified in about thirty seconds. There remained a 
dark red material which was first washed with alcohol, aM then 
dissolved in 50 cc. of hot chloroform. After adding an equal 
volume of alcohol, and cooling, light colored orange-brown 
crystals were obtained. Upon crystallization from an ether-
alcohol mixture, the orange lactone melted at 178®. The yield 
was 54.9JS of the theoretical amount. 
Anal. XJalcd. for  ^ 22,37. Found: CI, 
22.60, 22.82, 
P^reparation of Ethyl 5.4,5-!^ ichloro-2-furoate. 
Trichlorofuroic acid was psrepared according to Rill and 
Jackson {67) by the chlorination of ethyl furoate in two sue-
<67) Hill and Jackson, km, Che^ t. J., 12. 119 (1890), 
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eossive stages, first, by substitution, and second, by addi­
tion, When the tetrachloride of the ethyl chlorpyroaucate was 
decomposed by alcoholic sodium hydrtacide, the sodium trichloro-
furoate precipitated in an impure state. The free acid was 
purified by recrystalliaation of the anaaonium salt. The acid 
melted at 172®, 
The ester was prepared by saturating a mixture of 29,5 g, 
(0,1595 mole) of trichlorofuroic acid and 200 cc, of absolute 
ethyl alcohol with dry hydrogen chloride gas. The liquid was 
poured into a cold sodium carbonate solution and the solid 
eater was filtered, m,p, 62°. The yield was 63,^  of the 
theoretical amount. "Riere was also 4,7 g, of trichlorofuroic 
acid recovered. Hill did not give any yields. 
Action of Aqueous Sodium Hydroxide on alpha. beta-Pichloro-
ganana-dx^ eny Ime thy lene-crdtenolae tone. 
One-half gram of this lactone was treated with 25 cc, of 
sodium hydroxide in the same manner as the alpha-chloro-
laetone (68), Ho volatile diphenylaeetone steam distilled. The 
only change was the developnent of a wine-red color in the dis­
tillation flask. The result of this experiment was identical 
with that obtained from the ali^ ia, beta-dibromolactone (69). 
(68) This Thesis, page 87, 
(69) This IBiesis, page 85. 
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Preparation of alpha. bet&-Dlcliloro~gatmaa~dlphegrylmethTlene~ 
eretoBolactoBe fethyl 5-Bi»oao-3,4"dlehlero-2>hirgmte and 
phegyiaagnesiua 
fo 0,072 g, (0,00025 mole) of ethyl S-hromo-S,4-dichloro-
2-furoate dissolved in 5 cc, of ether, there was added 1 oc, 
of ether containing 0,0016 laole of Phenylmagnesium bromide, 
e^ li^ t purple color which developed disapi^ mr^ ed upon hydrol­
ysis witti 5 cc, of saturated assnonium chloride solution, e^ 
clear yellow ether solution was evapoMkted and the remaining 
oil, upon heating with steam, began to darken in a few minutes, 
evolving hydrogen bromide, ITpon the application of further 
heat, the oil gradually solidified. ?he residue was recrystal-
lized from an alcohol-chloroform mixture ai»J melted at 178®, 
The yield was 0,053 g,, or 41,75(5 of the theox»etical asioimt. 
PreparatlOB of Ethyl 5-Bremo-5,4-dichloro-2~furoate, 
a, 3,4-I3ichloro-2-furoic acid (70) was first prepared by 
passing chlorine into 70 g, (0,5 mole) of ethyl furoate at 0°, 
until the weight had increased to 141 g, The fixture was then 
poured into an ice cold, saturated, alcoholic, sodium hydroxide 
solution. The sodium salts thus precipitated, were filtered, 
dried, and suspended in 300 cc, of water, fhis mixture was 
(70) Hill and Jackson, Am, Chem, J,, 38 (1890). 
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Acidified with hydrochloric acid, and the free dichloroftxroic 
acid filtered, fhe crude material was crystallised from ben­
zene, and the color reriovcd with norite, The pure acid melted 
at 168-169® and was obtained in a yield of 30,5?^ , 
b, Eighteen and one-tenth grass (0,1 mole) of 3,4-dichloro-
2-furoie acid was placed in a desiccator containing 18 g. (0.1 
fflole) of brc^ ine, Ihen the gain in weight of the acid shored 
that approximately one atom of hydrogen had been substituted, 
the mixture was treated with 100 cc, of boiling water and 
filtered while hot. The precipitate obtained upon cooling and 
filtering the solution, was recrystalliaed from alcohol. 
The 5-broBio-3,4-dichloro-2-furoic acid (71) melted at 185-186®, 
The yield was 17.9 g, or 68»8^  of the theoretical amount. Hill 
did not give any yield. 
c, A laixture of 13,4 g, (0,051 mole) of 6-bromo-3,4-dlchloro-
2-furoie acid and 75 cc. of absolute ethyl alcohol was saturat­
ed with dry hydrogen chloride and then poured into a cold sat­
urated solution of sodium carbonate, e^ ester which precipi­
tated was filtered and recrystallized from 90^  alcohol until a 
Constant Bselting point of 99-100° was obtained. The yield of 
ethyl 5-brofflo-3,4-dichloro-2-furoate was 5 g. or 34^  of the 
theoretical amount. Six grams of the original acid was recorer-
(71) Hill and Jackson, Am. Chem. J.. 125 (1890). 
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Anal» Galcd, for C,7H505Cl2Br: AgCl and AgBr fpoa 
0.2000g*, 0.3298 g. Found: 0,3298 g., 0,5504 g, 
e^imratlop of Hill*a alpha-Anllldo-orotonolactone from 
4,5»t>ibi»0a0'-2"fug0lc Ao'ld. 
fhis lactone was prepared according to the rather indef­
inite directions given by Hill and Comelison (72). 
a. Preparation of 4.5-DibroiaQ-'2-furoic Acid. 
fhia coapound, melting at 167-168®, was iMde by the 
sapoaifieatioK of ethyl 4,5-dibr<mo-2-fiiroate (73) when an al­
coholic solution of the ester was slowly added to an excess of 
alcoholic potassitim hydroxide. TOie potassium salt of the acid 
precipitated tamediately and was filtered. After being dried, 
it was dissolired in a miniBmra quantity of hot water and poured, 
with stirring, into an excess of ISjC hydrochloric acid, The 
yield of dibroffiofuroic acid, based on the ester, was 88,5J^ , 
b. Preparation of BroagBaaleyl Brmide. 
fen grams {0,057 mole) of 4,5-dibromo-2-furoic acid 
was suspended in 300 ©c, of water contained in a 500 cc, round-
(72) Hill aiad Cornelison, Am, Chem, J,, ig, 278 (1894), 
(75) This fhesis, page 80, 
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bottOB^ d flask equipped with a mechanical stirrer. To this 
mixture was slowly added 11.8 g, (0,074 mole) of hromine with 
eooling, 13ie disappearance of the bromine color was accompan­
ied by formation of a yellow oil which solidified when allowed 
to stand over night. The white brommaleyl bromide melted at 
53-54° and was sufficiently pure for the next step. The yield 
was 6,95 g,, or 59^  of the theoretical yield, 
e. Preparation of alpha-Bromocrotonolactone. 
To 6,95 g, (0,0216 mole) of broasmaleyl bromide dissolv­
ed in 11 cc, of 80% acetic acid there was slowly added, in small 
aiBounts, 4,6 g, of zinc dust. The mixture was cooled with cold 
water and stirred mechanically for thirty mimtes. It was then 
allowed to stand for one hour longer. At the end of this time 
it was filtered, poured into 100 cc, of water, and extracted 
with three small portions of ether. The ether solutions were 
dried with calcium chloride and evaporated. The white needle-
o like crystals, melting at 75-76, were called alpha- bromocrotono-
lactone by Hill, tfpon recrystallization from ligroin (77-115°), 
the pure substance melted at 77®, The yield was 62,3^  of the 
theoretical amount, 
d. Preparation of alpha-Anilido- crotonolactone. 
A mixture of 5 g, (0,0033 mole) of the above bromo-
- 96 -
lactozie^  20 drops of aniline, and 10 cc, of 50^  alcohol was left 
standing over night. The brown crystals were filtered and re-
crystallised, first f3?oia glacial acetic acid, ai»i then from al­
cohol. The color was removed with norite. The crystals were 
deposited in the form of short thick zieedles with a pinkish 
tint, m«p, 220^ , The yield was 17.9^  of the theoretical amoant. 
Preparation of Wolff's beta~Anilido-'Crotonolaotone using beta-
Broaotetrbhic acid. —— 
a. Preparation of beta-Bromotetronic Acid. 
beta-fe'oiaotetronic acid was prepared according to 
Wolff aal Sehwabe (24) by bromination of acetoacetic ester fol­
lowed by the elimination of ethyl bromide upon heating. Some 
trouble was experienced with the reduction, hence the follow­
ing directions are given. One-half gram of beta-broaotetronic 
acid was dissolved in 3 cc, of saturated sodium carbonate solu­
tion to which there was added, in four portions, 10 g, of sod­
ium amalgam. The temperature was kept at 50^  by external cool­
ing, After being stirred for 8-10 mixaxtes, the mixture was 
cooled and carefully acidified with 1:1 sulfuric acid. A lit-!-
tie ether was added to prevent loss through foaming. The clear 
aqueous layer was extracted with five small portions of ether. 
The combined ether layers were dried and evaporated, leaving 
tetronic acid. The melting point was 135-138^ , The yield was 
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not determined, tout was apparently low, 
b. Preparation of toeta-Anilldo-CrotonolactOBe. 
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Without further purification the tetronic acid was 
warmed on a water hath with a few drops of aniline {23). The 
]*eaction took place very quickly and was completed in thirty 
seconds. 1%e residue was recrystallized twice froa hot alco­
hol, giving a snow-white solid, m.p, 221®, ®ie yield was ap-
proxisately 0,05 g. 
Preparation of toeta-Anilido-crotonolactone using the Synthesis 
of Anachfltz and feertraa t^ 5). 
a. Preparation of Acetylglycollie Acid. 
?o 100 g, (1,31 mole) of glycollic acid, contained in 
a 500 cc, distilling flask provided with a reflux condenser, 
there was carefully added 200 g, (2.55 mole) of acetyl chloride, 
fhe mixture was heated to insure complete reaction. When the 
evolution of hydrogen chloride ceased, the excess acetyl 
chloride was distilled, The residtie, when cooled, solidified. 
After recrystallizatlon from benzene, the acetylglycollic acid 
melted at 66-68®, The yield was 129 g, or 83,7?^  of the theo­
retical amount. 
to. Preparation of Acetylglycollyl Chloride. 
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fo 100 g, <0.848 mole) of melted acetylglycollie acid 
coiitai^ d in a 500 cc, round-bottomed flask pirovided with a re­
flux condenser, there was added, dropwise, 130 g, {0,946 mole) 
of phosphorus trichloride. After the evolution of hydrogen 
chloride had ceased, the liquid was decanted from the viscous 
phosphorous acid into a 250 cc, Claisen flask and distilled in 
vacuum, h.p. 54°/14 am. The quantity of acetylglycollyl chlor­
ide obtained was 54 g«, which represented a yield of 47.3^  of 
the theoretical amount. This acid chloride was very irritating 
to the eyes. 
c. Prepaidtion of alnha-Carbomethoxy-tetronic Acid. 
A solution of 52 g. (0,41 mole) of diirothylraalonate 
dissolved in 400 cc. of dry benzene was added to 9.2 g, (0,4 
mole) of powdered sodium. The mixture was refluxed until all 
the sodium had reacted. A white gelatinous precipitate formed. 
To this thei^ e was added 17,4 g, (0,127 mole) of acetylglycollyl 
chloride dissolved in 25 cc, of benzene. The mixture was stir­
red mechanically for thirty hours, but no "off-brown" color de­
veloped as Ansch&tz and Bertram reported. For this reason the 
yellow |»*ecipltate was filtered and refluxed fifteen hours 
with 50 cc, of methyl alcohol. The cream colored solid was 
filtered and dried. It weighed 29 g. To this sodium salt, 
suspended in 500 cc, of ice cold water, was added 15 cc, of 
- 99 -
concentrated hydroehlopic acid, with stirring. The white pre­
cipitate which formed was filtered and recrystallized from 
methyl alcohol. The yield was 14 g,, or 70^  of the theoret­
ical amotmt. The melting point obtained was 191-19S® {decom­
position) as compared to 171-173® (decomposition) given by 
Anschtltz and Bertram. The rate of heating was approximately 
2® per mimte, 
d. Preparation of Tetronic Acid. 
Pour grams (0.25 mole) of this material was refluxed 
with 4.5 g, of sodium methoxide prepared by dissolving 1,9 g, 
of sodium in 23 cc, of methyl alcohol. There was also added 
20 cc, of water, A flocculent t^ iite precipitate formed, which 
contained the sodium salt of tetronic acid along with a small 
amount of sodium carbonate. After filtration, it was dissolved 
in 15 cc, of warm water, cooled, and carefully acidified with 
1:1 sulfuric acid. On cooling, a precipitate formed, although 
Ansch&tz and Bertram reported no such result. It proved to be 
an unstable acid which lost carbon dioxide when heated on a 
water bath, e^ acid solution, however, was extracted with 
five small portions of ether. After the ether solution was 
dried evaporated, 0,08 g« of tetronic acid was obtained, 
m,p, 136®, Wolff reported the melting point as 141®, with 
previous sintering at 135®. 
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©, Preparation of betfl-Anllldo-orotonolactone. 
?he tetronlc acid was treated with 5 or 6 drops of 
aniline and the mixture waited on a water bath, e^ reaction 
was complete in a few seconds. After recrystallizing from 4 cc, 
of alcohol, the heta~anilido~crotonolactone melted at 221-222®, 
Proof of the Identity of All 'T^ tree Anllido~crotonolactene8. 
In order to show that Hill*8 so-called alpha-anllido-
erotonolactone was really beta-anilido-crotonolactone, a mixed 
melting point was taken with both Wolffss lactone and that of 
Ansch&ts and Bertram. Both mixtures were observed to melt at 
221-222®, showing that all three were the same compotmd, A 
mixed melting point of a mixture composed of Wolff's compound 
and that of Anschfltz and Bertram was 221-222®. 
Brcmination of Diphenylfurylcarbinol. 
To 5 g, (0.02 mole) of freshly prepared diphenylfuryl­
carbinol dissolved in 35 cc. of carbon tetrachloride and cooled 
to -5°, there was slowly added 6.4 g. (0,04 mole) of bromine in 
25 cc, of carbon tetrachloride, with constant stirring. The 
solution became purple in color and gave off hydrogen bromide. 
The mixture was stirred for one and one-half hours after all 
the bromine had been added. The solvent was then removed by a 
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streaia of air. "Hi© residue, a dark purple oil, lost hydrogen 
"broBilde freely when waKaed on a water bath. It was allowed to 
stand over night. At the end of this time there remained a 
black solid, along with a small amount of oil, After this 
residue was extracted with hot alcohol, there remained 0,01 g, 
of a brown solid which, upon recrystallization from alcohol, 
gave light brown needles, m.p. 206-207°, A mixed melting point 
with known alpha,beta-dibromo-gamma-diphenyImethylene-crotono-
lactone was not lowered. 
5he mother liquors from this solid yielded, on evaporation, 
a black solid whic]^ , when crystallized from alcohol and decolor-
iased with norite, gave lemon-yellow crystals melting at 156®, 
A mixed melting point with alpha-bromo-gamma-diphenylmethylene-
crotonolactone was not lowered. The yield was 0,85 g,, or 1^  
of the theoretical amount. 
Isolation of BisCdiphenylfurylmethyl) Ether from a Decomposition 
Resin.  ^
A bottle of diphenylfurylcarbinol which had been loosely 
corked for several years had changed to a reddish-brown resin­
ous solid, IThis material was groxmd in a mortar and triturated 
with acetone until the soluble coloring substances were removed, 
A slightly pinkish compound remained and was filtered. This 
was quite insoluble in all conmKjn organic solvents, benzene 
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proving to t>e the most promising for recrystallization. In or­
der to ranove the color, alcohol was employed in a Soxhlet ex­
tractor, ©lis solvent was then replaced by henzene. I^ e white 
crystalline ether precipitated and melted at 21S®, A mixed 
melting point wit^ i the ether prepared in the following experi-
sent was not lowered. The yield cannot be given here, as the 
compound was discovered more or less by chance, and the weight 
of the original material was not recorded. It would be, however, 
approximately 5C^ , 
Preparation of Bia{diphenylfurylmethyl) Ether from Diphenyl-
furylearbinol,  ^
A mixture of 87 g, (0,547 mole) of diphenylfurylcarbinol 
and 150 cc, of 10?^  acetic acid was heated on a steam bath for 
seventeen hours. At the end of ttiis time there remained a dark 
red solid cake. After the liquid was decanted and washed with 
water, the mterial was broken into small pieces by means of a 
spatula, fo the mixture was added 100 cc, of acetone. It was 
then triturated until all lumps had disappeared, and a finely 
divided solid remained. After being filtered and washed with 
small amounts of acetone, a pinkish residue remained, m,p, 215® 
(decomposition), "Rie yield of crude product was 61 g,, or 
72,6?S of the theoretical amount, Itoe compound was placed in a 
Soadilet and extracted with alcohol for three hours in order to 
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remove the color. This treatment was followed by extraction 
with henzene until practically all of the solid had dissolved 
from the thimble. There was 50 g, of the crystalline material, 
m.p, 214® (decomposition) deposited from the benzene solution. 
Small amounts were recrystalllzed from other solvents such as 
llgroin (69-70°) and a aiixttire of ethyl acetate and benzene, 
but the melting point remained 215-216°, In a duplicate exper­
iment using aaall quantities of carbinol, a product was ob­
tained melting at 225° (decomposition). Hence the melting 
point seemed to vary at tiiaes, %e rate of heating may have 
been sli^ tly greater with this sample. 
Anal. Calcd, for C54H25O3; C, 84,8; H, 5,38; mol,wt. 
482, Pound: C, 85,2; H, 5,38; moljWt, by cryoacopic loethod 
in benzene 485, 
gleavage of Bis(dlphenylfuryliBethyl) Bther to Diphenyllevulinie 
A.cid, 
Into a suspension of 1 g, {0,00207 mole) of bisCdlphenyl-
furyliaethyl) ether in 50 cc, of absolute ethyl alcohol, dry 
hydrogen chloride was passed for 15-30 seconds, until a 
slight warming was noticed. This mixture was refluxed gently 
for seventeen hours. The solid dissolved in fifteen minutes 
and the solution became a wine-red in color. After the required 
time had passed, the contents of the flask were poured into 
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0^ 06. of sodium carbonate. The oil which precipitated 
was extracted with ether. Without drying, the solvent was re­
moved and the remaining oil was refluxed with 6^  hydrochloric 
aeld for thirteen hours. After cooling, the oil was extracted 
with ether, l^ ie ether solution was then extracted with two 25 cc, 
portions of soditm hydroxide to remove the diphenyllevulinic 
acid. After the basic solution was heated to 50® with 1 g, of 
norite for a few minutes, it was filtered, cooled, and acidi­
fied. The cream colored acid melted at 107-108® and a mixed 
melting point with known diphenyllevulinic acid was not lower­
ed, The yield was 0,73 g, or 65,7?^  of the theoretical amount. 
Attempted Sleavage of BiajdiphenylfurylBtothyl) Ether with Sod-
i\im-l>otftB8ium Alloy {74n 
To a suspension of 4,82 g, (0,01 mole) of MsCdiphenyl-
furylmethyl) ether in 150 cc, of dry ether, there was added 
2 ec, of soditim-potassium alloy containing 80^  potassium. The 
whole experiment was conducted in an atmosphere of dry nitrogen. 
After stirring for three days with no apparent change, the mix­
ture was refluxed for two days more. Little or no reaction 
could be noticed, IKie excess alloy was destroyed by slowly ad­
ding 50 cc, of wet ether containii^  2 cc, of alcohol. After be­
ing filtered, the unchanged compound weired 3,5 g, e^ ether 
{74) Ziegler and Thielmann, Ber,, §6, 1740 (1923), 
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Ifeyer was separated, cooled with water, dried, and evaporated, 
lo dlphenylfurylcarhlnol could be detected in the oily residue 
when it was extracted with ligroln, (77-115®), The basic 
aqueous layers were acidified and extracted with ether. This 
ether solution also yielded no carbinol when treated in a simi­
lar manner. 
Attempted Synthesis of BisCdiiiAienylfurylaethyl) Ether using 
qomberg^s lleth<^ ' 
Ooraberg (28) prepared bis( triphenylmethyl) ether by tx»eat-
ing triphenylraethyl chloride In dry benzene solution with 
aercuric oxide, A similar method for the preparation of bis-
(dlphenylfurylmethyl) ether required the synthesis of diphenyl-
furylmethyl chloride, "^ he attempted preparation of this halide 
was similar to that used by Kimer (75), in his syntlwsis of 
furfuryl chloride. 
To a mixture of 10 g, (0,04 mole) of diphenylfurylcarbinol, 
3,8 g, (0.048 mole) of pyridine, and 20 cc, of dry ether, 
cooled to -5®, there was slowly added, with stirring, 5,2 g, 
(0,044 raole) of thlonyl chloride in 5 cc, of ether, A very 
sticky precipitate settled on the bottom of the flask. After 
decanting the ether solution, the residue was extracted four 
(76) Slrner, J, Am, Chea. Soc. . 1959 (1928). 
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ttsfts with small portions of ether. The conibined ether solu­
tions were dried, with anhydrous aodiuia carbonate and treated 
with 17,3 g, {0,08 raole) of dry mercuric oxide, A deep purple 
color developed and an insoluble precipitate formed. The mix­
ture was tightly stoppered and shaken over night. The mercuric 
oxide was removed by laeans of 100 cc, of cold 5^  hydrochloric 
acid. There remained a dark colored solid which did not melt 
when heated on a platinum foil. 
The failure to obtain the desired ether was probably due 
to the fact that no diphenylfurylmethyl chloride was formed, 
f^ is appears to be true because triphenylcarbinol was treated 
in the same manner as dinhenylfurylcarbinol, with the result 
that no triphenylmethyl chloride was found, e^ unchanged car-
binol was recovered. 
Brofflination of Bis{diphenylfm»ylfflethyl) Ether. 
To 4,82 g, (0.01 mole) of this ether, m.p, 214^ , suspended 
in 50 cc, of carbon tetrachloride, there was added, dropwiae, 
with constant stirring, 6,4 g, (0,04 mole) of bromine dissolved 
in S5 cc, of carbon tetrachloride. Hydrogen bromide was evolved 
and the mixture became slightly warm. The color deepened to a 
dark red. After stirring for ten minutes, the clear solution 
was decanted and evaporated, e^ residue was a clear yellow 
oil which began to decompose in a few minutes. It slowly evolv­
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ed hydrogen bromide. The oil waa wairmed on a steam bath for 
twelve hours, or until the evolutior of gas had ceased. The 
black semi-solid mass was heated with 15 - 20 cc, of alcohol 
and allowed to settle. The clear supernatant liquid was de­
canted, On standing a short time, a yellow precipitate formed. 
After several recryatallizations from alcohol, it melted at 
155°, A mixed melting point with known alpha-bromo-;5^ amma-d 1 -
phenylmethylene-crotonolactone was not lowered. The yield of 
this lactone was 0,22 g,, or 6,725^  of the theoretical amount. 
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somiim 
1, reaction of 5-halogeno-2-furolc esters and 5-hftlo-
g«no-2-furfural with phenylmagneslum bromide has been found to 
be a normal one, 
2, fhe interioediate compound fomod by the reaction of 
5<-halogeno-2-furfural with phenylmagneslum bromide has been 
found to be a bl«(5-halogeno-2-furylphenylmethyl) ether. 
3, Kiese halogenofurylcarblnols are extremely unstable 
and lose halogen acids with ease, giving substituted crotono-
lactones. 
4* fhese lactones have been identified by degradation 
methods. 
5, Further proof has been given for the structure of 
Hill's dlhalogenofurolc acids. 
6, Several mechanisms have been offered for the decompo­
sition of 5-halogeno-2-furylarylcarbinola, 
